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BROADBAND  RADIO  COMMUNICATION. 

A.  M.  Semenov,  A.  A.  Sikarev. 

Orders  of  the  Red  Banner  of  Labor  the  military  publishing  house  of 
the  M inistry/Department  of  Defense  of  the  USSR  Moscow  - 1970. 

Page  2. 

Broadband  radio  communication.  Voenizdat,  1970.  280  s.,  10.000 
copy  63  kopeckss. 

Broadband  radio  communication  of  the  series  valuable  properties: 
by  large  reticence  and  by  interference  shielding  (in  comparison  with 
usual  radio  communication),  the  possibility  of  the  readout,  etc. 


PTD- ID(RS)T- 0122-77 


DOC  = 77010122 


PAGE 


3 


In  the  book,  written  using  the  open  Soviet  and  foreign 
materials,  are  examined  the  fundamental  principles  of  construction 
and  special  feature/peculiarity  of  broadband  communicating  systems, 
are  given  examples  of  the  realization  of  such  systems,  are  shown  the 

prospects  for  their  further  development  and  use  in  raiio 
comm  unica  tion. 

The  book  is  intended  to  the  cadets  of  tne  military  schools, 
students  of  the  military  academies  and  officers  of  the  troops  of 
communication/connection.  It  can  be  also  used  by  the  wide  circle  of 
the  readers,  who  are  interested  in  the  problems  of  the  contemporary 
technique  of  co mmun ica tion/con nect ion. 

Pa  ge  3 . 

Preface. 

In  passed  decade  noticeably  increased  the  interest  of  the 
specialists,  working  in  the  range  of  radio  communication,  in  the 
so-called  broadband  methods  of  the  transmission  of 

FTD-ID(RS )T- 01 22- 7 7 


DOC  = 770  10122 


PAGE 


4 


report/communications  on  radio  channels.  Is  explained  this  by  the 
fact  that  the  broadband  radio  communication  in  comparison  with  usual 
possesses  a series  of  the  valuable  (especially  for  a military  radio 
communication)  properties:  the  high  correctness  of  the  transmission 
of  information  in  channels  with  mu  It.  i pie- pronged  propagation  and  in 
the  handled  sections  of  range,  by  larger  stability  with  respect  to 
spot  jammings  and  somewhat  by  larger  reticence. 


In  recent  years  in  Soviet  and  foreign  periodicals  appeared  the 
large  number  of  works,  dedicated  to  the  in-depth  investigations  of 

separate  aspects  and  to  the  description  of  the 

concr et e/s pecif ic/ act ua 1 specimen/samples  of  the  systems  of  broadband 
communication/connection.  However,  the  wide  circles  of  the 
specialists  of  radio  communication  are  still  little  familiar  with  the 
fundamental  operating  principles  of  such  systems.  This  is  explained 
by  the  absence  of  those  generalizing  and  at  the  same  time  the 
available  to  wide  circle  readers  of  the  works,  in  which  the 
principles  of  the  construction  of  broadband  systems  would  be  examined 
from  unity  of  opinion  with  the  detailed  analysis  of  the  physical 
essence  of  phenomena,  and  also  by  the  fact  that  for  the  construction 
of  broadband  communicating  systems  are  utilized  some  specific 
principles,  whicti  are  based  on  the  last/lat.ter  achievements  of 
statistical  radio  engineering. 


1 
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The  propose!  book  must,  to  a certain  decree  complete  the 
indicated  yap/spacing.  In  this  case  in  it  is  envelope!  only  the  basic 
group  of  the  questions,  on  understanding  of  which  depends  the 
possibility  of  further  deeper  research  cn  broadband 
communication/connection. 

Page  4. 

In  presenting  the  material  the  authors  approached  possibly  the 
simpler  and  more  available  interpretation  of  very  complex  processes 
and  principles,  lying  at  the  base  of  the  work  of  the  broadband 
transmission  systems  of  discrete  information.  Into  the  book  are 
introduced  soma  common  questions,  which  relate  to  the  statistical 
theory  of  communication/connections,  without  understanding  tha  which 
the  work  of  broadband  systems  cannot  be  correctly  understood. 

Introduction,  chapter  1 and  5 are  written  by  \.  n.  Semenov;  jfTZ 
2,  3,  4 - by  A.  A.  Sikarev;  chapter  6 and  conclusion  are  developed  by 


The  authors  express  their  gratitude  to  all  comrades,  who  gave  a 
series  of  useful  advice  in  the  process  of  the  work  on  the  book. 

All  wishes  and  observations  about  the  book  one  should  guide  to: 
Moscow,  K-160.  Voenizdat. 

Page  5. 

Introduction. 

Radio  communication  has  at  present  exclusively  important  value 
in  all  branches  of  the  economic  and  cultural  life  of  our  country. 


Stable  control  of  troops  under  conditions  of  modern  combat,  is 
also  unthinkable  without  the  wide  use  of  a radio  communication. 
Important  place  and  value  for  a control  as  troops  has  short-wave 
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radio  communication 
tropospheric  or  ion 
trails,  by  the  most 
forms  of  radio  comm 
of  the  direct/stni 
away  from  each  othe 
transmitter. 

At  the  same  ti 
increase  in  the  nura 
led  to  the  fact  tha 
simultaneously  work 
level  of  interferan 
spectrum  and  rigid 

Under  these  co 
a stable  radio  comm 
fcr  not  only  by  the 
the  interstation  in 
organization  of  rad 
search  of  such  met h 
durable  relationshi 


, and  also  the  radio  communication,  which  uses 
ospheric  scattering  and  reflection  from  meteor 
important  and  most  valuable  property  of  these 

1 I 

unication  is  the  possibility  of  tha  establishment 
ght  communication/connection  between  the  moved 
r correspondents  at  the  limited  power  of  radio 


me  the  continuous  and  whole  being  accelerated 
ber  of  radio  stations,  which  work  in  snip  band, 
t as  a result  of  the  large  number  of 
ing  radio  stations  very  stronqly  increased  the 
ces,  and  the  problem  of  the  distribution  of 
regulation  of  its  use  it  became  difficult  solved. 
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interferences.  In  other  words,  besides  the  problem  of  fight  with 

[interferences  arose  the  problem  of  providiny  a radio  communication 

under  conditions  unavoidable  and  during  that  sufficient  powerful 

f 

inter  ferences. 


Paye  6. 


To  the  essential  factors,  which  complicates  radio  com munication 
and  which  lower  its  stability  by  skip  band,  and  also  when  using 
tropospheric  (or  ionospheric)  scattering  or  reflection  from  meteor 
trails,  one  shouLl  relate  also  the  phenomenon  of  mu ltipla- pronged 
radiowave  propagation,  when  emitted  by  transmitter  signal  comes  into 
the  point  of  reception/procedure  on  the  different  paths,  which  are 
characterized  each  by  their  phase  and  amplitude  characteristics.  This 
leads  to  the  fact  that  the  signal  at  the  point  of  reception/procedure 
is  the  vector  sum  of  the  signals,  the  amplitude  and  phase 
r -xationship/ratios  between  which  they  depend  on  their  individual 
characteristics  of  propagation,  since  these  characteristics 
continuously  change  according  to  random  law,  also  the  power  of  signal 

at  the  input  of  receiver  continuously  changes;  these  changes  are 
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the  d isturbance/breakdown  of  the  relationship/rat ios  of  the  frequency 
components  in  tha  composition  of  signal,  i.e.,  to  its  distortion. 


The  tendency  possible  more  effective  to  overcome  the  noted  above 
difficulties  of  obtaining  stable  radio  communication  lei  to  the 
development  of  tne  fundamentally  new  methods  of  using  a frequency 
spectrum  - the  methods  of  the  transmission  of  information  with  the 
aid  of  broadband  signals.  Information  theories  completely  justifies 
the  advisability  of  applying  such  signals  under  conditions  of 
powerful  interferences,  frequency  "hunger"  and  of  multiple-pronged 
propagation.  More  that,  the  broadband  systems  turn  out  to  be 
completely  justified  also  when  it  is  necessary  to  provide 
comraunicat ion/connection  under  conditions  of  the  effect  of  man-made 
interferences  from  enemy  (damping)  which,  undoubtedly  is  for  a 
military  radio  communication  completely  necessary. 


The  important  special  feature/peculiarity  of  the  systems  of 
broadband  radio  com mun icat ion  is  also  the  fact  that  during  their 
practical  use  turns  out  to  be  possible  under  specific  conditions  of 
news  correspondent’s  stable  recept ion/ procedure  even  when  with  the 
reception  of  such  signals  to  usual  narrew-band  receiver  their  level 
below  average  interference  level,  i.e.. 


when  signals  are  found  "under 
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noise". 


Page  7. 


use  in  the  broadband  radiolink  systems  of  the  signals  of  complex  form 
(noise-like)  impedes  also  the  extraction  of  information  from  signal, 
if  are  unknown  the  data  on  its  structure.  This  also  is  quite 
significant  for  a military  radio  communication. 


Broadband  radio  communication  can  ensure  the  high  authenticity 
of  reception  with  the  very  small  fluctuations  of  the  probability  of 
errors,  while  in  narrow-band  systems  sometimes  (in  the  absence  of 
interference  on  the  given  frequency)  the  authenticity  of 
communication/connection  will  be  very  high,  and  sometimes  very  low. 
This  is  caused  by  the  fact  that  in  the  band  of  frequencies  of  the 
narrow-band  signal  the  spectral  density  of  interferences  fluctuates 
strongly,  and  in  the  band  of  frequencies  of  the  broadband  signal  it 
is  little  affected.  With  the  expansion  of  band  occurs  the  averaging 
of  the  operating  in  this  band  interferences. 
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All  advantages  of  broadband  systems  are  caused  by  the  fact  that 
in  them  widely  are  utilized  the  principles  of  the  statistical  theory 
of  co mmun icat ion/connect  ion,  which  make  it  possible  most  complete  to 
realize  the  optimum  conditions  of  the  reception  of  signals. 

The  methods  of  broadband  radio  communication,  as  a rule,  are 
designed  for  the  transmission  of  discrete  report/communir a ti on s. 
However,  it  is  necessary  to  keep  in  mind  that  the  technician  of  the 
transmission  of  discrete  report/communications  have  already  have  long 
it  exceeded  the  limits  of  the  transmission  only  of  text  (telegraphy) 
and  it  composes  at  present  one  of  the  mcst  important  coraponont/links 
of  the  data-transm ission  systems  for  a remote  control  and  in  other 
ranges,  but  the  most  promising  transmission  systems  of  continuous 
report/communications  (for  example,  telephone  signals)  they  are  based 
also  on  their  transformation  into  discrete  Dy  the  so-called 
quantization.  Thus,  broadband  communication/connection  can  be  applied 
for  many  forms  of  the  radio  communication:  telegraphy,  data 
transmissions,  telephony  and  other  methods  of  the  transmission  of 
in  formation. 
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The  first  works,  dedicated  to  broadband  systems,  were  works  of 
Feno  (1952)  and  A.  A.  Charkevich  (1957).  Later  both  in  foreign  and  in 
Soviet  literature  appeared  the  very  large  number  of  works,  in  detail 
examining  the  different  sides  of  the  problem  of  broadband 
coram  un  icat  io  n/connect  ion. 

Broadband  radio  communication  in  its  properties  and  the  methods 
of  technical  realization  differs  significantly  from  the  usual 
traditional  methods  of  radio  coamu nica tion . 

Page  8. 

Most  important  its  differences  are  use  of  signals  with  the  frequency 
band,  considerably  wider,  than  the  band  of  the  transmitted 
report/communication,  and  the  methods  of  selection,  based  on  the 
application/use  of  signals  of  various  forms  on  that  which  transmit 
and  matched  with  the  waveform  of  filters  on  receiving  ends. 

Broadband  radiolink  systems  completely  consistent  in  principle 
with  narrow-band,  i.e.,  on  just  one  section  of  range  can 
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simultaneously  woe  A those  and  others,  without  exerting  serious 
interferences  with  each  other.  At  the  same  time  it  is  necessary  to 
keep  in  mind  that  near  the  transmitter,  which  radiates  broadband 
signals,  the  recaption  of  the  moved  away  correspondents,  who  work  by 

narrow  band,  is  substantially  hinder/hampered  in  an  entire  emission 
band  of  transmitter. 

The  fundamental  principles  of  this  form  of  communication  and 

path  of  their  possible  realization  are  examined  in  L.  1.  Fink's 
fundamental  work  "theory  of  the  transmission  of  discrete 
report/communications"  [36],  N.  L.  Tyuerraal's  works  [33],  A.  G.  7,yuko 
[17]  and  a series  of  others.  In  journal  "foreign  electronics".  No  9 
for  1965  was  published  survey/coverage  of  the  most  important  foreign 
works  in  this  range  [27];  to  this  survey/coverage  was  applied  vast 
bibli ogra  ph  y . 

This  took  has  as  a goal  to  acquaint  the  wide  circle  of  the 
readers  with  the  most  important  properties,  special 
feature/peculiarities  and  the  advantages  of  broadband 

communication/connection,  and  also  to  give  the  representation  of  some 
concrete/specif ic/actual  systems  of  this  communication/connection  and 
the  paths  of  their  realization.  For  larger  convenience  in  the  use  of 
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the  material  of  the  book  possibly  by  the  wider  circle  of  the  readers 
the  authors  considered  advisable  to  construct  the  book  as  follows. 

In  the  first  chapter  are  set  forth  the  fundamental  principles  of 
broadband  communication/connection,  are  examined  its  fundamental 
special  feature/peculiarities  and  advantages,  are  given 
survey/coverage  and  classification  of  the  mostd  widely  use  systems  of 
broadband  communication/connection.  Research  on  this  chapter  does  not 
require  any  special  knowledge  from  the  field  of  mathematics  and 
statistical  radio  engineering  and  at  the  same  time  can  be  sufficient 
in  order  to  clarify  the  fundamental  principles  and  the  ideas, 
embedded  into  such  systems. 


Page  9. 

In  the  second  chapter  are  examined  some  most  important  questions 

of  the  statistical  theory  of  radio  communication,  substantially 
necessary  for  more  a fundamental  understanding  of  the  fundamental 
principles  of  the  construction  of  broadband  radiolink  systems. 
Specifically,  is  given  short  noise  characteristic  with  radio 
reception,  is  given  the  concept  of  the  methods  of  the  quantitative 
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evaluation  of  the  properties  of  these  interferences  as  random 
processes,  are  examined  the  most  important  positions  of  the  theory  of 
the  potential  interference  rejection,  which  lay  as  the  basis  of  the 
construction  of  broadband  systems,  are  described  the  operating 
principles  of  fundamental  and  at  the  same  time  the  specific 
cell/ elements  of  equipment  for  these  systems. 


The  third  chapter  is  dedicated  to  the  mo 
of  the  broad  class  of  the  so-called  mutually 
systems,  which  make  it  possible  to  the  best  d 
advantages  of  the  broadband  methods  of  commun 
which  possess  during  their  practical  realizat 
complexity.  In  this  chapter  are  examined  the 
realization  of  such  systems,  their  freedom  fr 
block  diagrams  and  the  work  of  the  most  impor 
example  of  the  mutually  correlated  system  of 
communication/connection  is  the  system  "Rake" 
appeared  into  1 958  [44]. 


re  detailed  examination 
correlated  broadband 
egree  to  realize  all 
ication/connection,  but 
ion  a comparative 
principles  of  the 
om  interference,  the 
tant  elements.  A typical 
br oa dband 
whose  description 


\ 

I 


In  the  fourth  chapter  is  given  the  information  about  the 


autocorrelation  systems,  which  are  simplest,  but  not  making  it 
possible  to  obtain  such  high  results  from  the  freedom  from 
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interference,  which  can  be  reached  in  mutually  correlated  systems. 

The  fifth  chapter  is  dedicated  to  the  systems,  which  most 
frequently  are  called  discrete-address.  Such  systems  receive  at 
present  especially  wide  acceptance  in  the  range  of  VHF  for  a 
radiotelephone  circuit,  since  they  allcw  in  certain  frequency  band  to 

simultaneously  work  to  the  large  number  of  transmitters.  In  this  case 
to  any  subscriber  is  represented  the  possibility  of  call  and  work 
with  any  other  subscriber  of  grid/network  so  simply,  as  this  is  made 
with  the  aid  of  the  automatic  telephone  station  of  wire 

communication.  An  example  of  the  discrete-address  system,  intended 
specially  for  an  army  radio  communication,  is  the  system  whose 

description  appeared  in  the  literature  in  1961  f46].  In  this  system 
can  be  realized  the  communication/connection  between  the  large  number 
of  subscribers,  utilizing  a common/general/total  for  all 
comtuun icat ion/connections  frequency  band.  Each  subscriber  can 
immediately  cause  other. 

Page  10. 


The  span  of  range  here  is  substantially  more  than  for  one  narrow-band 
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channel,  but  is  considerably  less  than  the  necessary  frequency  band 
for  the  realization  of  the  system  with  frequency  division  multiplex 
or  any  to  another,  in  which  to  each  subscriber  it  would  be 
abstract/removed  its  frequency  band. 

In  the  last/latter  chapter  of  the  booh  are  placed  the  materials, 
which  make  it  possible  to  conduct  a comparative  evaluation  of 
different  broadband  systems  according  to  their  interference  shielding 
and  their  comparison  with  narrow-band  systems. 

Entire  material  in  the  book  is  presented  in  connection  with  the 
use  of  broadband  signals  in  radiolink  systems  with  the  maximum 
isola t ion/ li berat ion  of  the  physical  essence  of  phenomena  and  the 
interpretation  of  the  most  important  results,  obtained  recently. 
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Chapter  1. 


GENERAL  INFORMATION  ABOUT 


(!ow/m»  Al  i c.  A rw>  (0 


BROADBAND  RADIOI 


SYSTEMS. 


§1.1.  basic  concepts.  Base  of  signal 
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Until  recently  in  the  development  of  radio  communication  ruled 
the  tendency  of  an  all  possible  reduction  in  the  spectrum,  occupied 
in  ether/ester  by  transmitter  during  the  transmission  of 
report/communication,  to  maximum  possibilities.  This  was  explained 
first  of  all  by  the  fact  that  than  already  the  spectrum  of  signal, 
the  more  number  of  radio  stations  it  can  be  placed  in  the  assiqned 

section  of  frequency  band,  providing  the  absence  of  interferences. 

The  tendency  to  throttle/taper  the  frequency  band  contributed  to  the 

achievement  of  tne  large  successes  in  the  range  of  frequency  fixing, 
to  the  creation  of  hiqhly  efficient  selective  systems  ini  to  the  wide 
introduction  of  the  most  effective  in  relation  band  of  frequencies  of 
single-band  modulation. 

The  high  degrees  of  frequency  fixing  of  radio  stations  and  the 
narrow  frequency  bands,  occupied  by  signals,  made  it  possible  at  the 
same  time  clear  to  regulate  the  use  of  a frequency  range. 

In  recent  years  the  majority  of  the  ranges,  utilized  for  a radio 


communication,  and  first  of  all  ship  band,  turned  out  to  be  so 
handled  that  the  clear  regulation  of  frequencies  turned  out  to  be 
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completely  impossible  and  with  interferences  it  became  necessary  to 
consider  as  the  unavoidable  phenomenon. 


The  tendency  to  ensure  durable  relationship  under  conditions  of 
interferences  and  to  eliminate  the  effect  on  the  stability  of  the 
communication/connection  of  the  phenomenon  of  multi  pie- pronged 
propagation  they  led  to  onset  and  development  of  opposite  tendency  - 
toward  the  use  of  complex  broadband  signals  and  toward  failure  within 
certain  limits  from  the  traditional  method  of  the  selertion  of  radio 
station  in  frequency. 

Page  12. 

In  broadband  discrete  communicating  systems  unlike  the 
communicating  systems,  which  use  the  simple  signals,  when  each 
realization  of  signal  (for  example,  release  and  pressure  in  binary 
systems)  is  the  cut  of  harmonic  oscillation,  which  differs  in  terms 
of  amplitude,  frequency,  by  the  initial  phase  or  several  of  these 
parameters,  the  cell/element  of  signal  is  not  the  cut  of  harmonic 
oscillation,  and  it  has  more  complex  form. 


To  utilize  for  the  first  time  complex  noise  signals  for  the 
transmission  of  information  proposed  A.  A.  Charkevich  '37").  He 
indicated  the  possibility  of  using  a noise  as  carrying 
osc il la tion/ vi bra t ion  (carrier).  By  a change  in  the  intensity  of 
noise  it  is  possible  to  carry  out  modulation,  similar  by  usual 
amplitude,  while  by  a change  in  the  cut-off  freguencies  of  the  noise 
spectrum  - f reguency-noise  modulation. 

Figure  1.1.1  gives  the  block  diagram  of  the  formation  of 
noise-like  signal,  proposed  to  F.  Lange  [21].  tfne  realization  of 
signal  here  is  formed  by  the  sum  of  the  initial  noise  z (t)  and  the 
same  noise,  shifted  for  a period  r,  with  the  aid  of  delay  line,  but 
another  realization  - by  the  sum  of  the  initial  noise  and  the  same 
noise,  delayed  for  a per’od  r2 . 

I 

Another  example  of  the  formation  of  noise-like  signal  is  given 
in  the  diagram  of  Fig.  1.1.2.  Here  of  the  input  of  delay  Line,  which 
has  the  large  number  of  r emoval/ou  tl  »t  s,  for  the  transmission  of  each 
cell/element  of  signal  is  supplied  narrow  pulse. 
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Output  broadband  signal  is  obtained  by  means  of  the  addition  of 
the  group  of  the  short  delayed  pulses,  removed  in  the  removal/outlets 
of  delay  line. 


Pig.  1.1.1. 


Key:  (1).  Delay  line  r,.  (2).  Noise  generator  r (t)  . (3). 


Cascade/stage  of  addition. 


(4).  Modulating  stress  to  transmitter. 


To  each  realization  (for  example,  to  pressure  and  release) 
corresponds  its  group  of  removal/outlets. 

The  more  skeletal  diagram  of  the  formation  of  serrated  signal  is 
given  in  Fig.  1.1.3.  Here  to  the  input  of  the  group  of  narrow-bard 
filters  is  supplied  momentum/impulse/pulse  sufficient  short  duration 
(6-  moment ura/im pulse/pulse) . After  each  filter  is  included 
amplifier-attenuator,  which  determines  the  transmission  factor  of 
each  component  (P*),  and  delay  line,  also  with  the  individually 
selected  for  each  component  delay  time  (t*). 


Key:  (1).  Input  pulse.  (2).  Delay  line.  (3).  To  transmitter.  (4). 

Adder.  (5)  . Adder. 


Fig.  1.1.3. 
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Page  14. 

By  a change*  in  the  number  of  filters  (n),  of  frequencies  of  these 
filters  (co„),  values  Pj*  and  **  it  is  possible  over  vile  limits  to 
vary  the  fore  of  the  fora/shaped  serrated  signal.  It.  is  not  difficult 
to  see  that  the  earlier  examined  diagram  (Fig.  1.1.2)  is  a special 
case  of  this  mote  common  diagram. 

Let  us  note  that  by  a charge  in  values  p*,  t*.  u>„  in  the 

determined  law  can  be  reached  the  further  "complication"  of  waveform. 

one  of  special  cases  of  broadband  signal  car  serve,  for  example, 
the  signal  with  the  linearly  changing  frequency,  which  found  use  in 
radar.  It  is  possible  to  give  the  very  large  number  also  of  other 
examples  of  broadband  signals. 


At  the  present  time,  specif  ica  lly,  finds  wide  acceptance  the 
method  of  the  f orma tio n/ed ucat ion  of  broadband  signals  with  the  aid 
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of  the  carrier  modulation  frequency  by  binary  pseudorandom  sequences. 
This  sequence  (Fig.  1.1.4)  is  formed  by  the  video  pulses  of  the 
rectangular  form  of  two  forms  (positive  and  negative,  or  otherwise 
"I"  and  "0".  The  duration  of  these  momentum/impulse/pulses  is  taken 
identical  (({),  a the  character  of  alternation  it  is  determined  by 

the  selected  law  of  coding.  These  sequences  were  called  the  name 
pseudorandom,  since  to  outside  observer  the  law  of  alteration  was 
unknown. 


The  formation  of  this  pseudorandom  sequence  virtually  most  is 
simple  to  carry  out  with  the  aid  of  the  so-called  shift  registers, 
which  are  devices  for  the  memorization  of  multidigit  binary  number. 
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As  an  example  Fig.  1.1.5  gives  the  block  diagram  of  threa-stage 
register,  which  includes  three  Origger  circuits,  clock  pulse 
generator  and  summator  on  raodule/mod ulus  two.  Each  Origgar  circuit 
has  two  steady  states  ("  0"  or  "1”).  The  shearing  rate  of  information 
(momentum/impuise/pulse)  in  register  corresponds  to  the  repetition 
frequency  of  clock  momentum/impulse/pul  ses.  The  summation  ov»r 
module/modulus  two  is  determined  by  the  following  table  of  logical 
addit ion : 


l + lr=0 
0+0  = 0 
1+0=1 
0+1  = 1 


Let  us  assume  that  in  the  initial  st.ate  "unit"  it  was  recorded 
in  the  first  cell,  i.e.,  in  register  was  recorded  combination  100.  Ry 
the  first  shift  pulse  from  clock  pulse  generator  the  state  of  the 
first  and  second  cascade/stages  is  shit t/shea red  respectively  in  the 


second  and  third  cascade/stages.  B^ing  summarized  by  m odule/modulus 
two,  the  information  of  the  second  and  third  cascade/stages  it  enters 
the  input  of  the  first  cascade/stage.  Is  obtained  combination  010.  In 
the  following  stage  to  the  first  cell  will  enter  the  result  of  the 
addition  of  the  states  of  the  second  and  third  cells,  and  the  state 
of  the  first  and  second  cells  will  pass  to  the  second  and  third.  Will 
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Key:  (1).  Summatoi  on  aodule/modulus.  (2).  Clock  pulse  generator. 

( 1)  . Output/yield.  (<*)  . trigger  circuits.  (5).  Summator.  (6). 

Out  put/ yield . Page  1b. 

Output  volti’e  (output  code)  is  the  seguence  of  tne  states  of 
the  last/latter  (the  third)  cell  and  in  our  case  takes  the  form  of 
seven-symbol  /roup  0010111  (Pig-  1.1.5).  The  durations  of  all 
mome  n t um/i  ropulse/p  ul  ses  U are  identical  and  are  determined  by  the 
parameters  of  the  diagram  of  Origger  circuit.  The  number  of  cells  can 
be  increased,  but  to  summator  is  not  compulsory  to  connect  the 
cutput/yields  or  the  last/latter  cells.  In  the  same  figure  is  shown 
the  register  of  ten  Origger  circuits  and  with  feedback  on  s cell. 
Switching  the  cascade/stage,  to  which  is  included  the  feedback, 
changes  output  combination  and  is  utilized  usually  for  the  exchange 
of  the  output  sequence  of  momentum/impulse/pulses  - cole.  The  maximum 

number  of  the  bits  of  code  is  determined  from  formula  m = 2n 1,  where 

n - the  number  of  Origger  circuits.  Let  us  emphasize  that  this 
formula  characteri zes  the  maximum  length  of  code,  which  is  obtained 
with  the  determined  connection  of  cells  to  summator.  From  the 
aforesaid  it  is  clear  that  with  the  aid  of  a comparatively  small 
number  of  cells  in  register  it  is  possible  to  obtain  the  sufficiently 
prolonged  cycle  of  work.  For  example,  with  m = 10  period  will  compose 
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The  formed  in  a described  manner  sequence  of  video  pulses  is 
utilized  for  the  formation  of  high-frequency  broadband  signal  either 
by  means  of  its  direct  supply  to  the  balanced  modulator,  to  another 
input  of  which  they  are  supplied  the  fluctuation  of  carrier  frequency 
or  by  means  of  supply  to  band-pass  filter  (Fig.  1.1.6). 
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Key:  (1).  Pseudorandom  sequence.  (2)  . Balanced  modulator.  (3).  Output, 

signal.  (4).  Generator.  (5).  Pseudorandom  sequence.  (t>)  . Band  filter. 
(7).  Output  noise-like  signal.  Page  17. 

in  the  first  case  at  the  output/yield  of  balanced  modulator  are 
obtained  the  fluctuations  of  carrier  frequency  with  phase  jumps 

according  to  the  law  of  the  sequence  of  momentum/impulse/pulses  "O’* 
and  "1"  at  the  output/yield  of  register,  i . e.  , the  so-called 
phase-code-keyed  signals,  such  signals  find  a use  in  discrete-address 
or  in  mutually  correlated  systems. 

In  the  second  case,  when  the  pseudorandom  sequence  of  video 
pulses  enters  the  input  of  band-pass  filter  with  band  F and  medium 
frequency  fx,  filter  passes  the  only  harmonic  components,  which  lie 
at  band  F,  and  as  a result  the  output  potential  of  filter  obtains 
noise-like  character. 

Mathematically  serrated  signal  is  conveniently  presented  in  the 


form  Fourier  series  in  the  interval  of  the  duration  of  signal  (T) 
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Zf  ( t ) = S («,*  cos  k'u>0(  4-  b,*  sin  ku>0t), 


0<t<T, 


where  <j0  = 2w/T ; k is  a number  of  the  component  of  signal  (k  = 0,  1, 
2,  3,  ...) ; r - the  number  of  realization  (for  binary  system  r = 

1.  2)  . 


In  the  majority  of  the  practical  cases  broadband  signals  tor  the 
radio  communication  are  taken  such,  in  which  the  only  finite  number 
of  Fourier  coefficients  in  the  given  formula  differs  from  zero,  but 
the  number  of  realizations  is  equal  to  two  (pressure,  release)  . In 
these  cases  the  expression  for  a serrated  signal  is  reduced  to  the 
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z,(0=  S (a,*  COS  ka>0t  + brk  sin  kw0t)  = 

k — hx 
k» 

= S 4,*  cos  (fco»0f  + o < t < T,  (1.1.1) 

k - kt  y v 7 


where  + <?,*  = - arc  tg  ^ . 


With  this  signal  of  component  frequency  they  ranqe  from  — y 

to  /c,  = , where  k»,  (k,  ♦ 1),  ...  k*  are  integers. 

2 k T 

Page  18. 


The  frequency  band,  in  which  are  contained  the  discrete 
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components  of  signal  and  the  fundamental  part  of  it  of  energy 
spectrum,  is  determined  in  this  case  by  the  expression 


„ k-i  — *1  + l 

F=  ~ • 


The  product  of  this  value  and  the  duration  of  the  cell/eloment 
of  signal  B = FT  is  accepted  to  call  the  base  of  signal.  The  value  of 
the  base  of  signal  characterizes  the  ratio  of  the  width  of  the 
spectrum  of  signal  ( F)  , that  depends  on  the  method  of  signal 
conditioning  (form  of  coding),  to  the  width  of  the  spectrum  of  the 
report/communication,  determined  by  the  speed  of  transmission  of 
information,  i.e. , by  the  value  of  the  reverse/inverse  duration  of 
the  cell/element  of  signal  (1/T).  For  the  signals,  called  broadband, 
characteristic  is  the  value  of  base,  considerably  greater  than  one. 
Virtually  values  B reach  100-1000  and  more. 

Figure  1.1.7  shows  energy  spectrum  S (f)  of  the  signal,  which  is 
expressed  by  formula  (1.1.1),  for  two  values  of  base.  Than  more  FT, 
those  all  large  part  of  the  energy  of  signal  turns  out  to  be  that 

concentrated  in  band  F.  For  better/best  understanding  the  question 
concerning  the  base  of  signal,  let  us  turn  to  examples. 
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Let  the  re por t/coramun icat ion  is  be  the  alternating  current 
(pressure)  and  noncurrent  (release)  premise/impulses  by  duration  T 
(period  of  manipulation  2T,  the  fundamental  frequency  of  manipulation 
1/2T) . Such  report/communications  can  be  presented  in  the  form  of  the 
sum  of  the  large  number  of  sinusoidal  fluctuations  whose  frequencies 
are  multiple  to  the  fundamental  frequency  of  manipulation.  For  the 
satisfactory  reproduction  of  report/communication  with  reception  it 
suffices  to  transmit  only  its  low-frequency  components  in  the  band  of 
frequencies  F ^ 3/2T,  called  the  spectrum  of  report/communication. 
During  the  off-on  modulation  of  transmitter  this  report/communication 
the  frequency  band,  occupied  by  the  transmitter,  will  be  two  times 
wider  than  the  spectrum  of  report/communication,  i.e.,  it  will 
comprise  3/T.  With  single-band  modulation  it  is  equal  to  3/2T,  i.e., 
to  the  band  of  the  report/communication  itself. 


Thus,  the  base  of  signal  in  the  f 
in  the  second  case  - unity.  The  values 
are  characteristic  for  all  narrow-band 
as  already  it  was  said,  values  B reach 


irst  case  is  equal  to  two,  and 
of  the  bases,  close  to  unity, 
systems.  For  broadband  systems 
several  hundreds  and  even 


thous  and. 


d 
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Will  give  the  est imate/e va luat ion  of  the  frequency  band, 
occupied  by  transmitter  at  the  different  speeds  of  transmission  of 
discrete  information  and  the  different  values  of  base.  If  we  assign 
the  speed  of  transmission  of  discrete  information  50  bauds  (T  = 20 
ms),  then  for  using  a signal  with  B = 1000  will  be  required  the  band 

B i()3 

of  frequencies  Fm=  — r =50-  kHz.  At  speed  1200  bauds  and  the 

7 20  • 1 0~ 

same  value  of  base  will  be  required  the  band  of  frequencies  F( 1 200)  =1.2 
HHz,  which  in  skip  band  cannot  be  carried  out  virtually.  If  necessary 
to  provide  such  the  high  rates  of  the  work  of  value  B thay  are 
selected  smaller  (for  example,  100). 

From  the  aforesaid  it  is  clear  that  the  larger  values  B can  be 
provided  for  at  the  lower  speed  of  work.  Figure  1.1.8  graphically 
shows  the  interdependence  of  the  rate  of  the  work  of  the  band  of 
frequencies  (F)  and  of  base. 

Page  20. 
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As  we  shall  see  from  the  further  paragraphs  of  this  chapter,  the 
major  advantages  of  the  use  of  broadband  signals  are  caused  by  the 

precisely  large  value  of  their  base.  Hence  it  follows  that  if  there 
are  limitations  in  the  guestion  of  the  expansion  of  the  band  of 
signal  (but  they  always  appear  as  a result  of  the  technical 
difficulties  of  designing  of  broadband  receivers,  transmitters, 
antennas  and  due  to  a difference  in  the  conditions  of  radiowave 
propagation  within  limits  of  very  broad  band),  then  the  advisability 
of  passage  to  broadband  systems  considerably  more  at  the  lower  speed 


of  work. 


IL 
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Fig.  1.  1.8. 


Key:  (1).  Band  of  frequencies,  kHz.  (2).  Speed  of  transmission, 

bauds.  Page  21. 


§1.2.  On  the  possibility  of  the  simultaneous  work  of  a series  of 
broadband  systems  in  just  one  section  of  range  and  the  joint 
operation  of  broadband  and  narrow-band  systems. 


At  first  glance  it  can  be  shown  that  the  passage  to  the  use  of 
broadband  systems  for  purposes  of  eommunicati on/connection  decreases 
the  number  of  radio  stations,  which  can  simultaneously,  also,  with 
that  without  interferences  work  in  the  assigned  section  of  range.  On 
the  matter  itself  this  not  entirely  so,  since  it  turns  out  to  bo 
possible  in  one  and  the  same  the  frequency  band  to  simultaneously 
work  to  a comparat i vel y large  number  of  tr ansmitters.  Their  selection 
at  receiving  end  will  be  in  this  case  realized  not  in  frequency,  but 
in  form  of  signal.  The  possible  difference  in  the  waveforms  can  be 

very  Large.  Tt  is  the  greater,  the  greater  the  base  of  signal. 
Consequently,  the  more  the  base  of  signal,  i.e.,  the  frequency  band, 

occupied  by  transmitter  at  the  given  operating  speed,  the  more  numher 
of  transmitters  it  can  simultaneously  work  in  one  and  the  same  the 
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frequency  band.  In  this  case,  of  course,  is  assumed  the 
application/use  at  the  receivinq  end  of  so-called  optimum  processing 
signal  with  th?  aid  of  matched  filters  or  correlation  diayram. 


Let  us  explain  first  in  a simple  example  of  the  possibility  of 
the  formation  of  the  broadband  signals  of  various  forms  and  their 
selection  at  receiving  end.  Let  be  realized  the  telegraph  work  at  the 
definite  speed,  by  which  the  duration  of  the  cell/element  of 

report/communication  is  equal  to  T.  We  convert  each  such  cell/eleroent 

of  re port/coamuni-a tion  with  the  aid  of  the  diagram,  shown  in  Fig. 

1.1.2,  into  the  series  the  following  in  the  determined  sequence  more 

narrow  pulses  of  length  x.  The  law  governing  the  following  of  these 
pulses  for  each  realization  of  the  cell/element  of  report/communication 
(pressure,  release)  let  us  accept  different  (Pig.  1.2.1). 


Ik 
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Pig.  1.2.1. 


Key:  (1).  Communication  element.  (2).  1-st  realisation  (pressing). 

(3).  2-nd  realization  (release) . f Page  22. 


If 

pu  lse  s. 


we  high-frequency  oscillations  Key  by 
then  the  frequency  band  will  be  in  T/r 


the  obtained  narrow 
times  wider  than  with 


DOC 


77020122 


PAGE 
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modulation  of  high-frequency  oscillation  directly  the 

momentum/impulse/pulses  of  communication  by  duration  T.  For  another 
correspondent,  who  works  in  the  same  frequency  band,  let  us  select 
other  sequences  of  narrow  pulses  both  for  the  release  and  for  a 
pressure.  Tn  order  that  the  correspondents  it  would  be  possible  to 
distinguish,  we  utilize  on  the  receiving  end  as  matched  filters  of 

delay  line  in  removal/outlets  (Fig.  1.2.2).  In  this  matched  filter 
the  mome n t um/im pul se/p ulse,  which  entered  to  input,  passes  from  the 
beginning  of  line  to  each  r^nioval/outlet  for  the  accurately  specific 
t i me  . 


Pemoval/ou tlet s from 
each  realization  of  signa 
momentum/impulse/pulses  o 
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Fig.  1.2.2. 

Key:  (1).  Delay  line.  (2).  Adding  device.  ( J)  . Output/yield  of  1-1 

realizations.  (4).  Adder.  (5).  Output/yield  of  2-1  realizations. 


If  of  the  input  of  the  datum  of  delay  line  enter  the 
momentum/impulse/pulses,  transmitted  in  another  sequence 
(momentum/impulse/pulses  of  another  realization  or  another 
correspondent 's  moment um/impulse/pulses)  , then  on  the  removal/outlets 
of  line  will  appear  momentum/impulse/pulses  into  the  noncoincident 
torque/moments  of  time  and  stress  it  will  turn  out  to  be  small.  Rolls 
it  will  not  occur.  The  appearing  in  this  case  stress  is  accepted  to 
call  stress  from  system  interferences.  It.  is  understandable  that  for 
data  acquisition  correspondent  in  binary  communicating  system  it  is 
necessary  to  have  two  matched  filters,  for  another  correspondent's 
reception  - two  other  filters,  etc. 


The  shorter  will  be  the  momentum/impulse/pulses  i the  more 

respectively  it  will  be  their  number  for  time  T,  i.e.,  the  more  will 
be  the  frequency  band  or  the  more  the  base  of  signal,  fact  those  more 

differing  one  from  another  combinat ions  can  he  used  for  the 
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formation/education  of  different  radio  channels  in  one  and  the  same 
the  frequency  band.  Is  clear  also  the  fact  that,  the  greater  the 
transmitters  it  will  to  simultaneously  work  in  one  and  the  same  the 
frequency  band,  the  higher  will  be  the  interference  level,  created  by 
other  transmitters  at  the  output/yield  of  receiver. 


In  order  that  interferences  among  two  signals  zx  (t)  and  z2  ( t ) , 
simultaneously  entering  the  input  of  matched  filter,  would  be 
possibly  smaller,  must  be  made  the  condition  of  the  orthogonality  of 
these  signals  under  range  from  0 from  T.  Mathematically  the  condition 
cf  orthogonality  is  record/written  as  follows: 


/Zj(0z2(0  = 0.  ' (1.2.1) 


As  the  simplest  example  of  orthogonal  signals  can  servo,  for 
example,  the  signals  of  the  form: 


Zi(0  = 
z,  (/)  = 


A cos  (iu(  -f-  f)>  * he* 

0 , when  ~ < t < T\ 

0 , e'Aeu.  o<(<  — ; 

2 

A cos  ( iot  + <?),  \\j  i-th  ~ < f <T. 


) 

I I 

Page  24. 

During  the  formation/education  of  signals  out  of  the  large 
number  of  momentum/impulse/pulses  for  the  example,  shown  in  Fig. 

1.1.2  or  1.2.1,  the  condition  of  orthogonality  is  satisfied,  if  the 
mome n tum/i mpulse/p ulses  of  each  realization  are  supplied  to  tne 
noncoincident  moments  of  time.  Orthogonal  they  will  be  two  signals  z, 

(t)  and  z2  (t) , also,  when  they  are  represented  in  the  form  of  the 
nonoverlapping  Fourier  series  in  range  from  0 to  T.  The 
nonoverlapping  Fourier  series  here  called  two  such  series,  that  if  in 
one  of  them  a*=^=0,  that  in  other  tor  the  same  index  a*  = 0;  the 

analogous  relationship/ratios  must  be  made  and  for  coefficients  bh. 
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In  the  general  case  the  signals  can  be  orthogonal  and  answer 
condition  (1.2.1)  and  then,  when  their  spectra  overlap. 


Let  as  allow  now,  which  in  the  band  of  frequencies  F is  by  n of 
different  orthogonal  signals,  one  of  these  signals  useful,  and  the 
others  with  respect  to  it  mixing.  The  power  of  all  signals  for 
simplicity  of  reasonings  we  consider  identical  and  equal  to  Pc.  Hith 
the  sufficiently  large  number  of  interfering  signals  their  sum  can  be 
considered  as  fluctuating  interference  with  total  power  Pc{n—  I)  or 

spectral  density 


From  the  theory  of  communication/connection  it  is  known  that  the 
authenticity  of  reception  during  optimum  processing  signal  is 
determined  by  the  ratio  of  the  energy  of  signal  to  the  spectral  power 
of  fluctuating  interference,  i.e.,  by  value 


Pf.7* 
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If  requirements  for  the  authenticity  of  reception  are  satisfied 


at  certain  value  hz— that  permissible  number  of  simultaneously 
working  in  one  and  the  same  band  frequencies  of  the  radio  stations 


will  be 


From  this  expression  directly  it  follows  that  the  number  of 


simultaneously  working  stations  in  this  frequency  band  with  the 
determined  assigned  authenticity  of  reception  is  proportional  to  the 
base  of  signal. 


Page  25. 
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Hence  escape/ensues  the  possibility  in  principle  of  operational 
provisions  in  the  defined  band  of  frequencies  of  the  same  number  of 
radio  stations  as  when  usinq  natrow-band  systems-  Actually,  in  the 
case  of  single-band  modulation  for  the  duration  of  the  cell/element 
of  signal  T the  band  of  report/communication  F trz  1/T,  the  base  of 
signal  FT  = 1 and  in  the  band  of  frequencies  Af  can  be  placed  by  nf? 
Af/F  transmitters.  For  the  same  operating  speed  the  base  of  broadband 
signal  in  band  Af  is  obtained  Af/F  times  more  and,  consequently,  also 
number  of  transmitters  in  band  it  will  be  n^Af/F;  in  this  case 
there  is  in  form  an  identical  value  h\v  . This  comparison,  of  course, 
approximated,  but  it  makes  it  possible  to  understand  that  the 
essential  losses  in  the  use  of  a range  passage  to  broadband  signals 
with  themselves  will  not  bear. 

By  examining  the  question  concerning  the  use  of  a frequency 
range  during  the  application/use  of  broadband  and  narrow-band 
systems,  it  is  necessary  also  to  give  the  considerations,  caused  by 
the  fact  that  in  actual  conditions  never  all  stations  of  this  range 
work  simultaneously.  Taking  into  account  the  indicated  fact  in 
broadband  systems  considerably  simpler  to  increase  the  number  of 


! 

, 


DOC  = 77020122 


PAGE 


radio  stations  in  the  assigned  frequency  band,  than  in  narrow-band 
systems.  Let  us  explain  this. 

1 

When  using  widespread  methods  of  selection  in  frequency  and 
narrow-band  systems  to  each  routing  is  secured  the  determined 
frequency  channel.  This  frequency  channel  cannot  be  (at  least,  if  we 
do  not  apply  the  complex  systems  of  the  automatic  search  for  free 

channels)  engaged  by  another  correspondent,  even  if  it  at  the  given 
torque/moment  is  free,  since  compulsorily  after  each  communication 
line  must  be  preserved  the  possibility  to  begin  work  at  any  time.  The 
unemployment  of  this  channel  to  no  extent  does  not  improve 

communication/connection  conditions  for  other  channels.  When  using 

broadband  systems,  if  at  each  given  moment,  of  time  of  the  total 

number  n of  radio  stations  it  works  not  more  than  n'  = r\n  (q  - the 

diversity  factor  of  work),  the  number  of  simultaneously  working 

stations  in  this  frequency  band  can  be  increased  — times. 

v 

Set/assuraing  ti  = 0.1-0. 2,  we  obtain  supplementary  very  considerable 
possibilities  on  an  increase  in  the  effectiveness  of  the  use  of  a 
frequency  range  without  the  application/use  of  fairly  complicated 
actions  for  the  provision  for  a search  for  the  empty  channels  and  the 


retuning  of  equipment  in  these  empty  at  the  given  torque/moment, 
channels.  Let  us  focus  attention  also  to  the  fact  that  in  broadband 
systems  a decrease  in  the  amount  of  simultaneously  working  stations 
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Page  25. 

§ 1.3.  Broadband  systems  under  conditions  of  multiple-pronged 
radiowave  propagation. 

The  majority  of  radio  channels,  especially  short-  and 
ultrashort-wave,  is  characterized  by  the  mu  It i pie- pronged  propagation 
during  which  the  signal  from  transmitter  comes  to  the  place  of  the 
reception/ procedure  by  several  paths,  whereupon  for  each  of  these 
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paths  signal  experience/tests  different  attenuations  and  different 
time  lag.  If  during  single-ray  propagation  the  dependence  between 
that  which  is  taken  and  that  transmitted  by  signals  is  determined  by 
the  expression 


x (()  = pz  (f  — At). 


(1.3.1) 


in  which  value  p and  At  they  characterize  attenuation  and  signal  lag 
in  the  process  of  its  propagation  from  transmitter  to  receiver,  then 
during  multiple-pronged  propagation  this  dependence  takes  the  form 


x{t)=  S f\z(t  — At,)/ 

i - 1 


(1.3.2) 


where  n - the  number  of  incoming  ray/beams. 


In  this  expression  h<  and  A t<  they  are  determined  by 
attenuation  and  the  time  lag  of  each  separate  ray/beam.  Values  hi 
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and  Atir  as  a rule,  continuously  change  in  tine,  although  for  the 
larger  part  of  the  real  signals  and  at  the  in  practice  utilized 
speeds  of  transmission  of  information  their  change  in  time  is 
sufficient  slowly  as  compared  with  the  duration  of  transmission  of 
the  cell/element  of  signal. 


Page  27. 


During  multiple-pronged  propagation  at  the  input  of  receptor, 
therefore,  operates  the  sum  of  separate  oscillation/vibrations  with 
the  changing  according  to  random  laws  phases  and  amplitules.  This 
leads  to  t ho  phenomenon  of  interference,  and  also,  therefore,  to 
signal  fading.  The  phenomena  signal  fading  are  expressad  especially 
vividly,  when  path  differences  of  ray/heams  are  commensurable  or 
multiple  to  the  half  of  wavelength. 


They  distinguish  several  types  of  signal  fading: 
common/general/tota 1 or  flat,  selective,  slow  and  rapid.  With  flat 
fadings  the  incoming  signal  differs  from  that  transmitted  by  the 
random,  but  approx imately  identical  for  all  frequency  components  of 
signal  values  of  the  transmission  factor  and  phase  displacement.  In 
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selective  fadings  of  each  frequency  component  ot  signal  corresponds 
their  transmission  factor  and  their  phase  displacement.  Slow  fadings 
occur,  if  i»i  and  a /<  they  are  characterized  approximately  by 
identical  values  for  the  extent/elongation  of  the  reception/procedure 
of  several  cell/elements  of  the  signal,  following  one  after  another. 
For  rapid  fadings  is  characteristic  the  absence  of  interdependence 
(correlation)  between  values  and  for  a series  of  the 

consecutively  transmitted  cell/elements  of  signal. 

Let  us  examine  in  somewhat  more  detail  the  special 
feature/peculiarity  of  common/general/tota 1 and  selective  fadings. 

Let  in  accordance  with  expression  (1.1.1)  transmit  the  signal 

*■ 

2 (0=  £ Ak  cos  (ku>0t  -f-  tpj. 

* - *, 


Then  the  received  signal 

n ft, 

Jf(0  £ P/  £ A/,  cos  [A'a'o  (t  — fp/)  -f-  <p*]  = 

1-1  ft  - ft, 

m * ^ f*/  ^ ^*cos  K (f  — fp)  -f-  4-  ?*].  (1.3  3) 

* lm  \ k m kx  ' ' 
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where  tr  is  the  mean  propagation  time  for  all  ray/beams:  ^A/<; 

A/j  - the  deflection  of  the  propagation  time  of  the  i ray/heam  from 
the  mean  propagation  time  tp. 


Page  28. 


Values  for  any  ray/beam  will  range  from 

if  we 


2ji—  A/j  to  2ji  ~&ti\ 
T ‘ 


A(,|<-= 


(1.3.4) 
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that  they  will  differ  one  from  another  not  more  than  by  2nFA/i<^2n. 

That  means  with  the  observance  of  condition  (1.3.4)  it  is  possible  to 
count  values  approximately  identical  for  all  values  of  k,  i.e., 

for  all  frequency  exponents  of  signal.  Thus,  condition  (1.3.4) 
causes  the  flat  character  of  fading.  Specifically,  let  us  note  that 
commo n/general/tot a 1 fadings  occur  both  with  ionospheric  (Fig. 

1.3.1a)  and  during  tropospheric  (Fig.  1.3.  Id)  radiowave  propagation, 
provided  path  differences  of  the  adopted  ray/beams  were  much  less 
than  value  1/F.  Selective  fadings  occur  when  condition  (1.3.4)  is  not 

satisfied,  i.e.,  path  differences  of  ray/beams  SU  are  commensurable 
or  exceed  value  1/F.  For  selective  fadings  of  the  value  of  phases 

are  different  for  different  k.  Then  received  signal  x (t)  is 
represented  in  tha  form 

x(f)=  i Ak  S ^ cos  [k(o0(f  — Q +♦/*  + ?*]  = 

» - *,  i - i 

= cos  [^“>0  (( — fp)  + 9k  + 9*]. 

ft  - ft, 


.(1.3.5) 
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Page  29. 

I 

From  this  expression  it  follows  that  with  selective  fadings  of 
the  fluctuation  of  amplitudes  and  of  phases  (cph+8*)  they  depend 

on  the  frequency  (index  k)  of  the  haraonic  components  of  siqnal. 
Usually  such  fadinqs  appear  when  to  receptor  come  the  ray/beams, 
which  reflected  from  the  different,  ionospheric  layers  (Fig.  1.3.1b) 


DOC  = 77030122 


PAGE 


^3 


or  of  the  spaces  of  the  troposphere,  and  also  the  und-^rgsne 
reflections  (Pig.  1.3.1c). 


. / 3.  / . 


mu  It i pie 
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Fig.  1.3.1. 

Key:  (1).  Ionospheric  layer.  (2).  Ionospheric  layers.  (3). 

Ionospheric  layer.  (4)  . Local  heterogeneity  of  the  troposphere. 


In  this  case,  as  a rule,  each  come  ray/beam  is  the  beam  of  elementary 
ray/beams  and  therefore  is  also  subjected  to  fadings,  which  bear, 
however,  common  character  *. 


F COT NOTE  >.  In  the  literature  very  frequently  instead  of  the  term 
"channel  with  selective  fadings"  are  used  the  terras  " mu  It i pie- pron ged 
channel,  "channel  with  multiple-pronged  propagation".  Thereby  is 
emphasized  the  fact  that  the  channels  with  selective  fadings  are 
characterized  by  the  arrival  of  signal  cn  several  paths  with 
considerable  path  differences.  Subsequently  this  terminology  widely 
is  utilized  in  the  present  work.  ENDFOOTNOTE. 

When  values  a/(  are  commensurable  with  the  duration  of  the 
cell/element  of  signal  T,  the  phenomenon  of  mu  lti  ple-pronqed 

propagation  causes  not  only  signal  fading,  but  also  it  leads  also  to 
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the  imposition  o£  the  adjacent  cell/elements  ot  signal  on  each  other. 
This  phenomenon  is  accepted  to  call  the  phenomenon  of  echo.  In  Pig. 
1.3.2  is  illustrated  the  picture  of  the  overlap  of  the  cell/elements 
of  signal  with  its  arrival  on  several  paths. 


For  narrow-band  radiolink  systems,  when  the  base  of  signal  FT 
1,  values  1/F  and  T prove  to  be  one  order,  therefore,  of  the 
phenomenon  of  selective  fadings  and  echo  are  observed  simultaneously. 
For  the  broadband  systems,  in  which  FT  >>  1,  are  possible  the  cases, 
when  A t{  of  the  same  order  as  1/F,  but  is  considerably  less  *han  T; 
in  these  cases  will  be  the  only  selective  fadings. 


Both  common/general/total  and  selective  fadings  cause  the 
fluctuations  of  the  level  of  received  signal  with  the  average  period 
from  several  minutes  to  fractions  of  a second  [13].  However,  they  are 
not  the  sole  reason  tor  a change  in  the  intensity  of  received 
signa  Is. 
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Fig.  1.3.2. 

3/. 

In  the  information  circuits  aie  observed  also  the  relatively  slower 
changes  (hour,  diurnal)  in  the  level  of  received  signals,  caused  not 
by  interference  processes  in  receiving  antenna,  but  by  effect  on  the 
transmission  factor  of  the  channel  of  such  reasons  as  change  of  the 

magnitude  of  absorption  in  the  ionosphere,  a change  in  the 
temperature  conditions  of  the  troposphere,  etc. 


r 
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Finally,  in  the  case  of  using  signals  with  the  wide  spectrum  the 
important  factor,  which  affects  received  signal,  is  also  the 
dispersity  of  the  medium,  which  participates  in  radiowave  propagation 
(ionosphere,  the  troposphere),  that  leads  to  the  fact  that  the 
coefficient  of  reflection  or  scattering  finds  to  be  dependent  on 
frequency,  i.e.,  different  for  the  different  frequency  components  of 
signal,  even  for  a "single-ray"  channel.  Let  us  note  that  virtually 
during  ionospheric  propagation  the  dispersive  phenomena  cause  the 
noticeable  differences  in  transmission  factor  fcr  frequencies,  which 
differ  by  dozen  kilohertz  (for  a skip  band),  while  the  values  of  this 
coefficient  because  of  the  interference  of  ray/bearas  turn  out  to  be 
sometimes  different,  for  frequencies,  which  differ  only  by  hundred 

hertz.  If  transmits  sufficiently  narrow  pulse,  then  as  a result  of 
dispersion  in  the  ionosphere  the  momentum/impulse/pulse  of  separate 
ray/beara  is  eroded,  and  multip le- pronged  propagation  leads  to  the 
fact  that  instead  of  one  momentum/impulse/pulse  are  accepted  several 

that  and  it  is  clarified  in  Fig.  by  1.3.3. 
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Key:  (1).  Transmitted  momentum/impulse/pulse.  (2).  Received  pulses. 

(3).  Fundamental  ray/beam-  (4).  2-^ra y/beams.  (S).  4-^ ray/beams. 
(6)  . ms.  Page  32. 
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The  interval  between  the  incoming  ray/beams  can  reach  by  2-4  ms,  and 
the  number  of  ray/beams,  especially  for  the  extended  short-wave 
lines,  to  reach  to  four  - six. 


The  phenomena  of  fading,  echo  and  the  effect  of  the  dispersity 
of  the  medium  of  propagation  in  the  practice  of  radio  comm  un.ication 
lead  to  a considerable  decrease  in  freedom  from  interference  or 
authenticity  of  reception/procedure  (with  this  capacity)  they  are 
considered  as  negative  factors.  When  using  multiple-pronged  channels 
always  they  attempted  to  remove  the  effect  of  "parasitic"  ray/beams 
in  order  to  approach  itself  work  conditions  of  single-ray  channel. 
This  path,  however,  was  not  sufficiently  rational,  since  each  of  the 
incoming  ray/beams  contains  the  information  about  the  transmitted 

report/communication  and  their  use  it  could  improve  in  principle  the 
conditions  of  reception/procedure. 


0ne  of  the  important  advantages  of  the  use  of  broadband  signals 
is  a possibility  of  using  a phenomenon  of  multiple-pronged 

propagation  for  an  increase  in  the  stability  of  reception/procedure 
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or  with  the  assigned  authenticity  of  reception/procedure  for  a 
decrease  in  the  power  of  radio  tra  nsmit  ti  nq  equipment.  This 
possibility  is  open/disclosed  as  a result  of  the  fact  that  the 

broadband  systems  can  ensure  the  separate  reception  of  the  signals, 
which  come  in  to  the  place  of  reception  variously,  and  therefore  they 
make  it  possible  to  utilize  an  energy  of  several  most  intense 
ray/beams.  Let  us  explain  this  in  a simple  example. 

Let,  for  example,  the  signals  of  the  form,  given  in  Fig.  by 
1.2.1,  enter  the  matched  filter  of  Fig.  1.2.2.  Input  voltage  of 
reference  system,  i.e.,  on  the  output/yield  of  matched  filter,  with 
single-ray  reception  will  have  a shape  of  pulse  as  duration  r,  i.e., 
1/F , the  appearing  into  torgue/raoment  termination  of  the  cell/element 
of  signal  by  duration  T.  Here  F is  the  band  of  signal,  which  is 
determined  by  the  duration  of  narrow  pulses  r. 

Let  us  allow  now,  that  into  the  point  of  reception  the  signal 
comes  by  several  paths  with  the  different  values  of  transit  time  from 
transmitter  to  receiver  /pi,  *p2.  ^>s fp„,  In  this  case  to  each  ray/beam 


at  the  output/yield  of  the  matched  filter  will  corresponl  its 

mome n tum/i mpuise/puise  with  the  ■aximura  of  the  voltage/stress  at  the 

torque/moment  of  tiwe  (P,+T  and  of  the  same  duration  1/F. 
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Not  difficult  to  understand  that  if  the  difference  in  time  of  the 
arrival  of  ray/beams  is  less  than  the  duration  of  these 
momentum/impulse/pulses  (t) , then  the  separate  reception  of  ray/beams 
turns  out  to  be  impossible.  The  separate  reception  of  the  signals, 
which  come  in  on  different  paths,  is  feasible  only  if  value  r less 
than  the  minimum  delay  time  between  ray/beams,  i.e.,  the  possibility 
separate  the  reception  of  ray/beams  increases  with  decrease  r or, 
otherwise,  with  the  expansion  of  the  band  of  signal  frequencies. 
Furthermore,  the  maximum  delay  time  among  ray/beams  must  be  less  than 
the  duration  of  the  cell/element.  of  signal  T. 


In  narrow-band  systems  the  pulse  duration  at  the  input  of 
reference  system  is  approximately  equal  to  the  duration  of  the 
cell/element  of  signal  T,  and  consequently,  the  examined  above 
conditions,  necessary  for  the  separation  of  ray/beams,  cannot  be 
satisfied.  Under  broadband  systems  the  given  conditions  due  to 
inequality  r <<  T are  satisfied  easily. 


Let  us  note  that  the  pulse  character  of  the  signal,  in  example 
of  which  we  examined  the  possibility  of  iscla tion/libe rati  on  in 
receiver  of  one  of  the  incoming  ray/beams,  it  is  not  necessary.  This 
possibility  is  provided  in  all  cases,  when  the  base  of  signal  FT  >>  1 
and  signal  has  approximately  uniform  spectral  density  in  the  band  of 
frequencies  F. 

§1.4.  Classification  of  broadband  radiolink  systems. 

Concept  "broadband  radiolink  systems"  includes  at  present  the 
large  number  of  versions  of  such  systems,  which  differ  one  from 

another  from  in  form  of  the  utilized  signals,  method  of  their 
formation/  the  method  of  reception  and  to  a series  of  other 
sign/criteria.  Respectively  the  fields  of  application  of  broadband 
communicating  systems  also  are  very  diverse.  This  causes  the  need  for 
the  determined  classification. 


J 


The  representation  of  the  possible  class i t icat ion  of  broadband 
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systems  qives  tha  table,  given  in  Fig.  by  1.4.  1. 


The  large  group  of  broadband  systems  form  the  so-called  mutually 

correlated  active  and  passive  systems.  In  mutually  correlated  active 
systems  the  signal  is  recorded  in  receptor  by  means  of  comparison 
wi'.h  the  standards,  formed  on  the  same  principle,  as  at  the 
transmitting  end/lead. 
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Fig.  1.4.1. 

Key:  (1).  Broadband  radiolink  systems.  (2).  Mutually  correlated 

systems.  (3).  discrete-address  systems.  (4).  Autocorrelation  systems. 

(5).  Active  systems.  (6).  Passive  systems.  (7).  Systems  of  incoherent 
reception.  (8).  Systems  of  coherent  reception.  (9).  Synchronous 
systems.  (10).  Asynchronous  systems.  (11).  Systems,  with 

time/temporary  coling.  (12).  Systems  with  frequency  coding.  (13). 
Systems  with  f reguency-time  coding.  (14).  Systems,  with  time-division 

multiplex.  (15).  Systems  with  frequency  division  multiplex.  (16). 
Systems  with  f reguency-time  packing/seal. 

Systems  of  such  type  make  it  possible  tc  most  completely  realize 
potential  interference  rejection.  Multi  pie-teams  in  them  does  not 
limit  the  speed  of  transmission.  At  the  same  time  it  is  necessary  to 
indicate  some  factors,  which  impede  and  limiting  their  practical 
realization.  The  greatest  difficulties  are  caused  by  the  need  for 
precise  synchronization  of  reference  signals,  developed  in  receptor, 
with  those  which  are  taken  (accuracy  of  synchronization  must  be  order 
1/F  for  an  incoherent  reception  and  still  above  in  the  case 
coherent).  For  these  systems  is  characteristic  also  relatively  long 
in  comparison  with  ether  systems  time  of  netting,  that  lowers  the 
reticence  of  work  and  impedes  the  work  with  short  performances,  and 


By  mutually  correlated  passive  systems  they  understand  such, 
whose  information  about  received  signals  is  laid  in  the 
characteristics  of  the  matched  filters  cf  receptor.  Such  systems  also 
make  it  possible  to  realize  potential  interference  rejection,  and 
multiple-beam  characteristics  in  them  it  dees  not  limit  the  speed  of 
transmission  of  information.  In  principle  these  systems  for  the 
realization  of  the  optimum  conditions  of  reception  require 
synchronization  witn  the  accuracy  of  order  1/F.  To  synchronize  is 
necessary  the  torque/moment  of  the  reading  of  output  output  potential 
of  matched  filter.  However,  these  systems,  after  allowing  small 
energy  loss,  it  is  possible  to  forego  synchronization  to  generally  or 
considerably  lower  requirement  for  its  accuracy.  The  realization  of 
such  systems  leads  also  to  sufficiently  bulicy  equ ipment /devices  and 

is  conjugate/combined  with  the  determined  technical  difficulties.  In 
more  detail  the  operating  principles  of  mutually  correlated  systems 

and  path  of  theic  realization  are  examined  in  chapter  3.  An  example 
of  mutually  correlated  system  is  the  system  "Rake"  f44]. 
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Both  active  and  passive  mutually  correlated  systems  can  be 
divided  to  two  classes:  with  coherent  and  with  incoherent  by  the 
receptions  of  signals. 

Page  36. 

As  it  was  shown  into  §1.3,  in  the  general  case  the  adopted  broadband 
signal  it  is  represented  in  the  form 


*(Q=  S ft. 


i - i 


£ Ak  cos  [to0  (f  — fp)  + + ?*]• 


(1.4.1) 


For  a coherent  reception  at  receiving  end  must  be  known  the 
amplitudes  (relative  values)  of  all  components  of  signal  the 

initial  phases  <p*.  the  phase  shifts  of  each  component  q>l7l  and  the 
mean  propagation  time  for  all  ray/beams  ?p.  With  incoherent  reception 
must  be  known  all  the  same  values,  except  the  initial  phases.  The 
initial  phase  of  the  incoming  signal  in  this  case  either  is  unknown 
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or  it  is  not  utilized  and,  inasmuch  as  in  the  initial  phase  of 
received  signal  also  is  contained  certain  information  about  the 
transmitted  report/communication,  utilized  with  coherent  reception, 
the  probability  of  error  for  the  methods  of  incoherent  reception 
proves  to  be  larger. 

The  theoretical  examination  of  a comparative  freedom  from 
interference  of  systems  of  coherent  and  incoherent  reception  shews 
that  at  the  high  values  of  the  authenticity  of  reception,  determined 
by  the  probability  of  the  error  of  order  10~i * 3-10~*,  the  energy  loss 
of  incoherent  systems  does  not  exceed  1 dB.  At  the  same  time  the 
practical  realization  of  the  diagrams  of  coherent  reception  is 
conjugate/combined  with  the  considerable  technical  difficulties, 
which  moreover  are  aggravated  by  instability  in  time  of  the  phase 
responses  of  the  medium  of  propagation.  In  connection  with  this  in 
certain  cases  are  more  advisable  the  systems  of  incoherent  reception. 


i group  cf  broadband  systems  form  the  systems 

• ii  1 iMun  whose  freedom  from  interference  is  worse  than 

However,  they  differ  significantly  from  the 
* considerably  larger  simplicity  of  realization  and 
»• ly  higher  reliability  and  the  compactness  of 
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equipment.  Very  is  substantial  also  the  fact  that  the  autocorrelation 
systems  little  subjected  to  the  ill  effect  of  multiple-beam 
characteristics  and  dispersity  of  the  ionosphere  and,  as  a rule,  do 
not  require  the  high  frequency  stability  of  radio  link. 
Autocorrelation  systems  at  the  same  time  have  that  advantage  that  in 
them  as  carrier  it  is  convenient  to  utilize  cuts  of  white  noise, 
i.e.,  to  utilize  in  the  complete  sense  of  word  "noise-like"  signals. 


Page  37. 


Let  us  note  that  in  all  mutually  correlated  systems  are  utilized  the 
signals,  which  rather  one  should  call/namenoise-like,  since  in 

reality  they  are  completely  regular  and  the  precisely  precise 
knowledge  of  their  structure  makes  it  possible  to  successfully 

isolate  them  from  noises  in  receptor. 


The  comparison  of  the  freedom  from  interference  of  the  systems 
of  autocorrelation  reception  with  the  systems  of  incoherent  reception 
shows  that  their  energy  Loss  turns  out  to  be  equal  approximately 
Y~FT,  i.e./  by  sufficiently  considerable.  Their  use  therefore  turns 
out  to  be  advisable  only  if  the  advantages,  noted  above,  have  more 
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important  value.  By  an  example  of  autocorrelation  system  is  the 
system  with  so-called  kor re  14qi onno- time/temporary  modulation, 
proposed  in  1959  in  GDR  [21,  49],  examine/considered  in  detail  in 
chapter  4. 


One  Additional  Group  of  broadband  radiolink  systems  form  the 
so-called  discrete- address  systems,  which  are  in  essence  mutually 
correlated  and  those  found  use  applicat ion/use  for  an  army 
radiotelephone  circuit,  in  VHF  range.  In  these  systems  in  transmitter 
each  informational  cell/element  is  coded  by  the  dialing/set  ot 
signals,  intended  only  for  a communication/connection  with  the 
determined  subscriber.  Receptor  isolates  the  only  signals,  intended 
to  this  correspondent,  and  it  does  not  accept  others,  although  they 

are  emitted  in  the  same  frequency  band.  As  signals  her?  usually  is 

utilized  the  dialing/set  of  short  radio  pulses.  In  this  case  can  be 

[A**]  Z57AM) 

used  in  principle  any  form  of  the  pulse  modulation:  AP!%,DPM.  pulse 
position  modulation^  pulse- frequency  modulation^  KIM^delta 
modulation,  etc. 

Discrete-address  systems  are  of  two  types  - synchronous  and 

asynchronous.  In  synchronous  systems  are  applied  orthogonal  signals. 
The  transmission  of  information  from  one  subscriber  here  is  strictly 
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synchronized.  Synchronous  systems  can  he  both  with  time/ta mpor ary  and 
with  frequency  division  multiplex.  During  the  time-division  multiplex 
between  orthogonal  signals  is  provided  the  constant  temporary 
displacement  and  is  allow/assumed  the  overlap  of  the  spectra. 


Page  38. 


During  frequency  division  multiplex  the  spectra  of  signals  must  not 
overlap,  but  the  orthogonality  of  signals  must  be  provided  in  any 
temporary  situations  of  signal. 


In  asynchronous  d iscrete- address  systems  usually  are  applied 
nonor thogoual  signals.  Let  us  note  that  during  the  operation  of  the 
discrete-address  radio  communication  systems  of  the  large  number  of 
subscribers  is  observed  the  phenomenon  cf  sel f-regu la t ion.  This  is 
caused  by  the  fact  that  with  an  increase  in  the  number  of  subscribers 
increases  the  level  of  interferences  and,  therefore,  deteriorates  the 
quality  of  communication/connection,  in  consequence  of  which  the 
subscribers  turn  out  to  be  those  which  were  forced  to  speak  slower  or 
to  cease  work.  In  this  case  for  the  remaining  subscribers  the  quality 
of  communication/connection  is  improved.  Those,  who  do  not  need 
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urgent  comniunicati  on/connect  ion,  automatically  will  wait  the  more 
light/lung  conditions  of  communicaticn/connec tion.  Systems  of  such 
type  are  examined  in  greater  detail  in  chapter  5. 


§1.5.  On  the  reticence  of  broadband  communicating  systems. 


In  a number  of  cases  to  communicating  systems  is  presented  the 
requirement  for  reticence.  An  especially  important  value  this 
requirement  acquires  for  the  systems  of  army  radio  communication. 


The  general  requirement  for  the  reticence  of  radio  communication 
falls  into  three  independent  requirements:  first,  the  provision  for  a 
reticence  of  the  very  fact  of  the  work  of  radio  link  (transmitter) ; 
in  the  second  place,  the  provision  for  a reticence  of  the  fact  of  the 

presence  in  this  signal  of  information;  thirdly,  the  provision  for  a 
reticence  of  information  itself. 


All  these  three  requirements  broadband  radiolink  systems 
satisfy,  as  a rule,  somewhat  larger  degree  than  usual,  narrow-band 
As  has  already  been  spoken  above,  in  broadband  systems  are  applied 
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the  serrated  signals  with  base  FT  >>  1.  It  proves  to  be  that  when 
using  such  signals  the  reception  of  discrete  information  can  be 
realized  in  the  power  of  signal,  per  unit  of  the  frequency  band 
smaller  than  the  spectral  power  of  the  fluctuating  interferences  in 
the  utilized  band  of  frequencies,  i. e. , seemingly  go  under  noise.  In 
other  words,  it  turns  out  to  be  possible  to  conduct  the  reception, 
when  signal  to  usual  narrow-band  receiver  simply  is  not  audible.  Let 
us  explain  this  in  somewhat  more  detail. 


Page  39. 


With  the  piace-by- piece  incoherent  reception  of  discrete 
information  the  probability  of  error  for  a binary  system  with  active 
pause  (in  the  case  of  channel  with  the  constant  parameters)  is 
determined  by  the  expression 


(1.5.1) 


,,  p,r 

where  h’=  — 


the  ratio  of  the  energy  of  signal  (PCT)  to  the 
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spectral  density  of  fluctuating  interference  (v2). 


Consequently,  under  conditions  of  the  effect  of  fluctuating 
interferences  the  probability  of  the  error  unambiguously  is 
determined  by  value  h2,  which  cnar acterizes  the  excess  of  the  signal 
above  interference. 


At  the  same  time 


(1.5.2) 


where  /»„  is  power  of  fluctuating  interference.  From  this  expression 
it  follows  that  in  any  relation  y it  is  possible  to  fit  this  value 
PT  (base  of  signal),  which  will  ensure  the  required  for  obtaining  the 
ass'  >ned  authenticity  of  reception  value  h2.  For  example,  for 

providing  a probability  of  the  errors  of  order  10"*-10'“5  in  the 

system  of  incoherent  reception  in  accordance  with  expression  (1.5.1) 

desired  value  /i?p>20.  With  the  base  of  system  more  than  twenty 

relation  is  retained  less  than  unity.  For  the  confident 

Pn 


I 
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reception  under  conditions  of  a small  relationship/ratio  — - will  be 

Pn 

required  an  increase  in  the  base  of  signal,  which  under  practical 
conditions  is  achieved  either  by  the  expansion  of  band  (F)  , or  by  a 
decrease  in  the  velocity  of  the  transmission  of  information  (by 
increase  T)  . 

The  reticence  cf  the  presence  in  the  signal  of  information  for 
broadband  communicating  systems  is  provided  (of  course,  only  to  a 
certain  extent)  first  of  all  by  the  noise-like  quality  of  signal, 

obtained  as  a result  fairly  complicated  and  almost  in  each  case  of 
the  specific  coding. 

Page  40. 

Kith  reception  to  usual  narrow-band  receiver  and  to  the  broadband 
receiver,  in  which  is  not  utilized  the  information  about  the  method 
of  signal  conditioning  of  this  broadband  transmitter,  its  signal  will 
be  received  as  usual  noise,  whereupon  transition  from  one  realization 


to  another  (pressure,  release,)  will  not  be  noticeable.  Recall  aqain 
that  this  noise  can  be  in  a number  of  cases  even  lower  the  level  of 
usual  fluctuating  interferences.  The  greatest  reticence  of  the  fact 
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of  the  presence  of  information  in  noise  signal,  apparently,  can  be 
reached  in  the  systems,  where  as  carrier  are  utilized  the  cuttinqs 
off  of  white  noise. 


The  reticence  of  information  itself  in  broadband  systems  is 
reached  by  sufficient  complexity  of  the  coding  of  signal  and  by 
comparative  simplicity  of  the  exchange  cf  coding.  For  information 
recovery  is  necessary  the  completely  determined  coherent 
transformation  of  signal,  which  it  is  unknown  in  the  point/item  of 
interception,  and  the  parameters  of  this  transformation  can  change 
according  to  the  concea led/ lat ent  before  enemy  program  with 
sufficient  speed  and  complexity.  It  is  natural  that,  the  extraction  of 
information  even  from  the  fixed  signal  in  such  cases  requires  to  have 
fairly  complicated  analyzing  equipment,  especially  if  one  considers 
that  at  the  large  values  of  base  FT  the  number  of  possible  for  use 
waveforms  turns  out  to  be  very  large. 


From  the  aforesaid  it  follows  that  the  broadband  raiiolink 
systems,  as  a rule,  are  self-contained  in  the  sense  that  the  signals, 
intended  to  this  correspondent,  remain  unavailable  for  other. 


Page  41. 


Chapter  2 


RADIO  JAMMINGS,  optimum  methods  of  radio  reception. 


§2.1.  General  noise  characteristic  of  radio  communication. 


DOC 


77040122 


PAGE 


one  of  the  most  important  requirements,  presented  to  the  systems 
of  military  radio  communication,  is  the  correctness  of  the 
information,  transmitted  from  information  source  to  recipient.  Under 
practical  conditions  fulfilling  this  requirement  unavoidably  they 
block  the  various  kinds  of  the  interferences,  which  are  caused  by  the 

I I 

following  factors: 

£ 

- by  the  outside  interferences,  which  enter  the  input  of 

receptor  from  the  communication  channel; 

I 

] 

- by  the  inter nally- produced  noise,  which  appear  in  the  quite 
receptor; 

- by  the  radio-signal  distortions,  connected  directly  with  the 
passage  of  signal  along  channel. 


Let  us  examine  each  of  these  factors  in  somewhat  more  detail. 


DOC  = 77040122 


PAGE 


Outside  interferences  appear  as  a result  of  the  different 
natural  electromagnetic  processes,  which  take  place  in  the 
atmosphere,  the  ionosphere  and  outer  space  (atmospherics,  cosmic 
noises,  etc).  Furthermore,  they  are  created  various  kinds  of 
electrical  devices  (the  so-called  man-made  interf erences)  and 
numerous  foreign  radio  stations,  finally,  outside  interferences 
(especially  on  the  lines  of  military  radio  communication)  can  be 
called  the  special  jamming  transmitters,  used  at  the  point  of  enemy 
for  the  disorganiza tion  of  the  work  of  radio  aids. 

Internally-produced  noise  of  receptor  appear  as  a result  of  the 
chaotic  thermal  electron  motion  and  ions  in  the  cell/elements  of  the 
receiver  itself. 


Page  42. 


The  fundamental  of  these  noise  sources  are  electron  tubes,  the 
semiconductor  devices,  the  resistor/resistances  and  other 


cell/elements  of  diagram. 
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Both  outside  interferences  and  inter na lly- prod ucod  noise  of 

receptor  are  superimposed  on  signal  and  distort  it.  The 

characteristic  feature  of  these  forms  cf  interferences  is  the  fact 

that  they  are  independent  of  signal  and  occur  even  when  signal  on 

output  of  receiver  is  absent.  On  the  basis  of  this  property  the 

outside  interferences  and  internally-produced  noise  were  called  the 

name  additive  interferences.  According  to  its  properties  the  mostd 

widely  use  additive  interferences  can  be  broken  into  three  basic 
groups:  fluctuating,  concentrated  (sinusoidal),  and  pulse. 

Fluctuating  interference  in  the  general  case  is  chaotic, 

irregular  change  in  time  of  the  stress  or  current  in  any  electrical 

circuit.  In  telephone  communication  the  fluctuating  interference  is 

in  the  form  of  the  characteristic  noise,  audible  in  telephones. 

Therefore  it  frequently  they  call  also  by  noise  interference  or 

simply  by  noise. 


For  the  illustration  of  noise  interference  Fig.  2.1.1  shows  the 
form  of  fluctuating  stress  ("noise  path/track")  from  the  output/yield 
of  the  receptor,  observed  in  the  screen  of  electron  oscill oqra ph. 
Figure  2.1.2a  shows  not  distorted  by  the  integrating  effect  of  screen 
the  structure  of  te  voltage  of  the  same  source,  removed  during  one 
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period  of  scanning/sweep,  while  Fig.  2.1.2b,  c gives  the  structures 
of  the  stresses  at  other  moments  of  time. 


Fig.  2.1.1. 
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Internally-produced  noise  of  receptor  - a typical  example 
fluctuating  interferences  are  many  forms  of  atmospherics,  cosmic 
noises,  etc.  Fluctuating  interference  exists  at  the  output/yield  of 
receptor  continuously,  and  its  spectrum  virtually  fills  entire  band 
of  frequencies  of  the  receiver. 


The  concentrated  interferences  were  called  their  name  on  the 
strength  of  the  fact  that  basic  part  of  the  power  of  such 
interferences  was  concentrated  in  the  separate  relatively  small 
sections  of  frequency  band,  as  a rule,  smaller  than  the  passband  of 
receiver  Usually  basic  part  of  the  power  of  the  concentrated 

interference  is  arrange/located  in  the  frequency  band,  commensurable 
with  value  1/T,  where  T is  a duration  of  the  cell/element  of  signal 
during  the  transmission  of  discrete  report/communication. 


page  44. 


Such  interferences  have  relatively  prolonged  in  time  character  and 
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are  sinusoidal  high-frequency  oscillations,  nodulated  from  one  or 
several  parameters  (amplitude,  frequency,  phase). 


For  an  example  Fig.  2.1.3  shows  the  temporary  forms  and  the 
spectra  of  the  concentrated  interferences  in  the  form  of  not 
modulated  and  modulated  in  amplitude  HF  oscillations. 


The  concentrated  interferences  are  created  by  the  signals  of 
extraneous  radio  stations,  for  example  by  the  signals  of 
radiotelegraph,  broadcast,  television  radio  stations,  and  also  by  the 
emiss ion/radiat ions  of  the  high-frequency  oscillators  of  different 
designation/purpose  (industrial,  medicinal)  etc.  A change  of  the 
parameters  of  the  concentrated  interference  in  the  place  of  reception 

depends  on  the  conditions  of  signal  conditioning  of  the  sources  of 
interferences,  on  the  conditions  of  the  propagation  of  these  signals 
and,  as  a rule,  it  has  random  character. 

It  should  be  noted  that  to  the  action  of  the  concentrated 
interferences  are  especially  subjected  the  channels  of  communication 
in  the  ranges  of  long,  average  and  short  waves.  This  fact  is  the 
consequence  of  the  conditions  of  radiowave  propagation  under  the 
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indicated  ranges,  in  which  the  emi 

create  the  noticeable  strengths  of 
However,  with  the  large  number  of 
is  observed  in  these  ranges  suffic 
up  and  form  in  the  place  of  recept 
little  from  noise  interference.  At 
to  the  input  of  receptor  can  enter 
interferences,  which  sharply  are  i 
common/general/total  noise  fcackgro 
commensurable  with  the  power  of  us 

Under  pulse  interference  it  i 
regular  either  chaotic  sequence  of 
momentum/impulse/pulses,  by  which 
cell/element  of  signal  for  the  i 
cne  or  the  small  number  of  momentu 

FOOTNOTE  1 . If  for  time  of  the  cel 
of  receiver  enters  the  very  large 
momentum/impulse/pulses,  then  the 
virtually  in  no  way  differs  from  t 


ssion/r adiat ions  of  transmitters 

field  at  considerable  distances, 
concentrated  interferences,  which 
iently  frequently,  they  store/add 
ion  the  interference,  which  differs 

the  same  time  in  a number  of  cases 
the  separate  concentrated 
solated  against 
und  and  they  have  power, 
eful  signal  or  which  exceed  it. 

s accepted  to  understand  this 
the  mixing 

for  time  of  the  duration  of  the 
nput  of  receiving  of  device  enters 

m/impulse/pulses  *. 

1/element  of  signal  for  the  input 

number  of  mixing 

effect  of  this  interference 

he  fluctuating.  ENDFOOTNOTE.  Page 
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The  mixing  mom en tum/im pulse/pulse  is  any  interference,  which  has 
the  duration  r,  considerably  less  than  duration  of  the  cel 1/eleme nt 
of  signal  (Fig.  2.1.4).  The  real  mixing  moraen tum/impulse/p ulses  have 
a duration  of  order  l0~5-10~8  s.  Despite  the  fact  that  the  pulse 
interference  operates  very  short  time,  it  can  substantially  lower  the 
correctness  of  the  transmitted  information,  since  interference 
spectrum  fills  entire  band  of  frequencies  of  the  receiver  and  its 
energy  can  be  very  considerable. 


The  pulse  interferences  include  many  atmospherics  (for  example, 
lightning  discharges)  and  interference?  of  the  industrial  origin: 
interference  from  the  devices  of  the  engine  ignition  of  internal 
combustion,  gas  discharges,  interferences  from  the  electric  power 
lines,  etc. 


Another  very  widespread  factor  of  a decrease  in  the  correctness 
of  the  transmitted  information  are  signal  distortions  because  of 
random  changes  in  the  state  of  the  communication  channel.  Such 


distortions  cause  random  modulation  of  signal  on  amplitude,  frequency 
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or  phase  and  develop  themselves  only  during  tne  passage  of 
along  the  real  link  of  communication/connection.  They  were 

name  multiplicative  inter ferences.  Np 


s ig  na  1 
called  the 
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One  of  the  most  popular  types  of  multiplicative  inter 
that  are  inherent  in  the  majority  of  radio  channels,  is  th 
signal  fading  at  the  input  of  receptor,  in  other  words,  th 
the  continuous  and  irregular  fluctuations  of  signal  level 
point  of  reception.  Depending  on  the  character  of  these  fl 
differentiate  common/general/total  (flat)  and  selective,  r 
slow  fadings  [24,  36].  The  determinations  and  the  general 
characteristic  of  the  indicated  types  of  fadings  were  give 
The  physical  cause  for  fadings  most  frequently  is  multiple 
characteristics  [13]. 


fere  nces, 
e effect  of 
e effect  of 

at  the 
uctuations 
apid  and 

n in  §1.3. 
-bea  m 


The  examined  types  of  additive  and  multiplicative  interferences 
cause  the  random  in  time  character  of  received  signals,  which 
previously  cannot  be  predicted.  Because  of  this  descends  the 
correctness  of  tna  transmitted  information  in  any  communicating 
system.  At  the  same  time  so  on  use  for  the  transmission  of  the 
report/communications  broadband  signal  is  a series  of  the  specific 
special  feature/peculiarities.  For  example,  such  communicating 
systems  provide  higher  noise-resistance  under  the  influence  of  the 
single  concentrated  noise,  in  channels  with  multi  pie- beam 
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characteristics,  ate.  To  account  for  those  peculiar  it ias  of  broadband 
signals  and  affecting  them  noise  is  necessary  probabilistic,  static 
approach.  Fundamental  punty  about  quantitative  noise  eh  a racter ist ic 
in  this  approach  are  given  in  the  following  paragraphs  of  the  present 
chapter. 


§2.2.  Radio  jammings  as  random  process.  Concept  of  random  processes 
and  their  fundamental  characteristics. 


Fluctuating,  concentrated,  pulse  interferences,  and  also  signal 
distortions  in  the  communication  channels  are  according  to  the 
terminology  of  the  probability  theory  of  different  kind  random  (or 
stochastic)  processes.  Under  random  process  it  is  accepted  to 
understand  this  function  of  time,  which  in  the  course  of  experiment 
can  accept  one  or  another  concrete/specific/actual  form,  but  is 
unknown  previously,  as  which  precisely  >. 

FOOTNOTE  1 , In  practice  can  be  encountered  the  random  processes, 
which  depend  not  on  time,  but  from  any  other  argument,  for  example,  a 
change  in  the  temperature  of  air  in  the  different  layers  of  th» 


atmosphere  depends  randomly  on  the  height/a  It  it ude  of  layer,  etc 
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ENDFOOTNOTE. 


Let  us  explain  this  determination  with  the  aid  of  following  an 
example. 


Page  48. 


I.et  us  assume  that  there  is  the  large  number  N of  completely 
identical  receivers  (the  "ensemble"  of  the  receivers),  which  work 
simultaneously  in  identical  conditions.  Let  at  the  output/yield  of 
each  of  them  be  observed  the  random  process  e (t)  (Fig.  2.2.1).  The 
concrete/specific/actual  form  (oscillogram  or  photograph),  which 

t 

acquires  random  process  at  the  output/yield  of  any  of  the  receivers, 
i.e.,  in  the  result  of  one  experiment,  it  is  called  tha  realization 


cf  random  process 


The  totality  of  all  realizations  Fj  (t)  , JjfO In(1)  forms  set  or  the 

ensemble  of  the  realizations  of  random  process.  Each  real  izati  on  ,•  0^ 
i = 1 , 2 , . . . , N is  certain  concrete/specific/actual  function  of 
time.  However,  realizations  at  the  output/yield  of  each  of  the 
identical  receivers  will  be  different,  i.e.,  the  values  of  argument  t 
do  not  determine  the  unambiguously  appropriate  values  of  random 
process.  In  this  is  an  essential  difference  in  the  random  process  as 
functions  of  time  of  the  determined  (regular)  function. 


It  is  natural  that  the  random  process  is  determined  by  entire 

totality  of  the  possible  realizations.  The  number  of  latter  in 
ensemble  is  how  conveniently  large.  In  our  example  it  was  limited  by 

value  N only  for  the  clearness  of  presentation. 


Let  us  fix  now  the  moment  of  time,  for  example,  t = t!  (Fig. 
2.2.1),  and  let  us  produce  for  this  tor gue/moment  the  reading  of  the 
values  of  random  process  at  the  output/yield  of  each  of  the 
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receivers.  Then  wa  obtain  many  random  value  £i(/i),  ^2(^1) £jv(/i).w hich 

correspond  to  the  realization  of  random  process  at  this  moment  of 
time.  Totality  £i(*i).  £2(^1) ln(t  1)  forms  random  variable,  i.e.,  value, 

which  as  a result  of  experiment  can  accept  certain  value,  whereupon 
is  previously  unknown,  which  precisely.  This  random  variable  is 
conventionally  designated  as  the  section  of  random  process  for  the 
point  in  time  t = t If  we  fix  another  moment  of  time  t = t2  (Fig. 

2.2.1),  then  wa  will  obtain  another  random  variable  hiij) 

and,  etc.  in  the  general  case  to  the  different  moments  of  time  will 
correspond  differant  random  variables  *. 

FOOTNOTE  1 . since  the  number  of  realizations  of  process  ? (t)  how  is 

conveniently  great,  these  random  variables  are  continuous,  i.e.,  each 
of  them  has  a countless  multitude  in  of  the  values,  which 
continuously  fill  certain  interval  of  the  values.  ENDFOOTNOTE. 

In  other  words,  any  random  process  could  be  considered  as  random 
variable,  which  depends  on  time  (or  any  other  argument). 

I Thus,  random  process  combines  in  itself  and  the  feature  of  the 


random  value  and  feature  of  the  function:  with  the  fixed/recorded 
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torque/moment  in  time  it.  is  converted  into  random  variable,  and  as  a 
result  of  on?  experiment  - into  certain  concrete/specific/actual 
function  of  time. 

Page  SO. 


Arises  the  question  concerning  how  to  quantitatively 
rate/est imat e one  or  another  random  process.  Answer/response  to  this 
question  is  not  entirely  evident.  Actually,  the  simple  observation  of 
real ization  ^ Ct) at  the  output/yield  of  any  of  N of  receivers  (Fig. 
2.2.1)  during  the  determined  interval  of  time  still  nothinq  says 
about  which  it  will  be  it  on  the  other  interval  of  time,  or  it  does 
not  make  it  possible  to  determine  the  possible  realizations  at  the 
cutput/yield  of  other  identical  receivers.  In  exactly  the  same  manner 
the  simple  observation  of  a series  of  the  values  of  random  process  at 
certain  fixed/recorded  moment  of  time  still  nothing  says  about  other 
possible  values  in  this  section,  or  about  the  values  of  random 
process  in  sections  for  other  moments  of  time.  Answer/response  to  the 
placed  question  can  be  yes  only  when  using  the  probability  theory. 


Random  procass  £ (t)  can  be  described  quantitatively,  if  we  for 
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each  cross  section  of  process  at  any  moment  of  time  indicate  not  only 
its  possible  values,  but  also  describe  these  values  from  the  point  of 
view  of  the  probability  of  their  appearance,  or  indicate  the 
probabilistic  coramunication/connections  between  the  values  from  the 
different  sections  of  process.  In  order  to  explain  this  confirmation, 
let  us  return  again  to  the  examined  above  example. 


Figure  2.2.2  depicts  the  ensemble  of  the  realizations  of  random 

process  £ (t)  at  the  output/yield  of  system  from  N of  identical 
receivers.  Let  us  fix  it  at  point  in  time  t = tt. 
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From  the  obtained  value 
of  the  values,  which  are 
from  certain  value  xt  to 


part  Si(h),  h(ti)<  Sw(/i)let  us  isolate  those  n 
included  in  very  lew  (infinitesimal)  range 
x[  + Ax. 


1 


Let  us  examine  relation  nt/N.  With  the  unlimited  increase  in  the 
number  of  realizations  N this  relation  determines  probability  that 
the  random  process  F (t)  with  t = tt  (random  variable  C (t))  will 
render/show  within  the  limits  of  interval  (x[  + A*).rhe  indicated 

probability  is  proportional  to  the  value  of  interval  Ax  and  depends 
on  the  moment  of  tim^  t,  as  on  the  parameter.  Mathematically  this  is 
record/written  as  follows: 

jP{*;<«(«iX*I+.A*)=*WF(*;;  u)  Ax.  (2.2.1) 

In  this  to  formula  the  expression  W(x^;  t^)  relates  certain  selected 
by  us  possible  value  of  random  variable  £"(t-^)  with  the  probability  of 
its  appearance.  Let  x^  be  any  possible  value  of  the  random  quantity 
^'(t1).  Analogous  with 

relationship/ratio  (2.21)  it  is  possible  to  determine  the  hit 
probability  or  random  value  into  infinitesimal  range  in  the  vicinity 
of  value  Xj.  then  expression  W (xj?  tt)  will  functionally  relate  any 


possible  value  x,  continuous  random  value  £ (tj)  with  the  probability 
of  its  appearance,  i.e.,  it  determines  the  law  of  the  probability 
distribution  of  this  random  variable.  Day  lily  W (xt;  t,)  is  called 
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one-dimensional  probability  density  variable  x,  or  one-dimensional 
probability  density  of  random  process  1 . 


FOOTNOTE  *.  In  a word  "one-dimensional”  is  emphasized  that  fact  that 
the  probability  density  W ( x , ; t , ) is  determined  for  one  any  moment 
of  time  t,.  ENDFOOTNOTE. 


Probability  density  W (Xjj  tt ) it  is  represented  usually,  as 
this  will  be  shown  somewhat  later,  either  in  the  form  analytical  or 
in  the  form  graphic  dependence  of  it.  One-dimensional  probability 
density  gives  the  total  characteristic  of  the  behavior  of  random 
process  at.  any  fixed/recorded  moment  of  time.  It  serves  as  base  for 
the  probabilistic  description  of  random  process.  However,  this 
characteristic  is  not  exhausting  for  entire  process  as  a whole,  since 
it  does  not  furnish  information  on  about  that,  are  how  tightly 
interconnected  the  values  of  process  at  the  different  moments  of 
time,  for  example  tt  and  t^  > tt,  as  they  affect  these  values  one  for 
another  and,  etc. 


Page  52 
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Xa  ^ other  words,  one-dimensional  density  nothing  speaks  about  the 
dynamic  loudspeaker  of  the  development  of  process  in  time.  These 
information  gives  two-dimensional  density.  By  discussing  analogously, 
it  is  possible  to  introduce  into  examination  three-dimensional, 
four-dimensional  and  the,  etc  of  probability  density.  These 
multidimensional  densities  form  the  peculiar  staircase,  raising  on 
which  researcher  it  obtains  consecutively  increasing  volume  of 
information  about  behavior  cf  random  process.  One  should  again 
emphasize  that  the  probability  densities  give  the  comprehensive 
quantitative  characteristic  of  random  process. 

In  practice  not  always  appears  the  need  for  the  use  of 
multidimensional  probability  densities.  In  a number  of  cases  for  the 
description  of  random  process  sufficiently  it  is  to  be  restricted  to 
the  one-dimensional  of  probability.  Furthermore,  in  a series  of 
practical  problems,  for  example  in  the  analysis  of  the 
transformations  of  the  spectra  of  signals  and  interferences  in  any 
radio  engineering  circuit,  the  need  for  characterizing  the  process 
the  density  function  of  probability,  but  sufficiently  is  to  indicate 
some  numerical  ratios,  to  a certain  degree  the  characteristic  most 
essential  features  of  densities.  These  quantitative 
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relationship/ratios  are  called  numerical  characteristics  of  random 
process.  From  numerical  characteristics  let  us  let  us  point  out  to 
those  having  very  large  applied  value  mathematical  expectation 
(average  value),  dispersion  and  correlation  function. 


Mathematical  expectation  (average  value)  of  the  process 


m(f,)=S(f,)=  / ^(^i;  (2.2.2) 

— oo 


Mathematical  expectation  is 
level),  relative  to  which  in  this 
values  of  random  variable  e (t,). 
expectation  depends  on  the  timing 
function  of  time. 


certain  average  value  (average 
cross  section  of  process  change  the 
In  general,  mathematical 
t,,  i.e.,  it  is  certain  nonrandom 
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Fiqure  by  2.2.2  fine/thin  lines  shows  the  realizations  of  random 
process,  and  greasy/fatty  isolated  its  mathematical  expectation  m 
(t). 


Dispersion  is  the  average  value  of  the  standard  deviation  of  the 
random  variable  in  the  section  of  process  at  t = t,  from  its  average 
value  in  this  same  section,  i.e.. 


it  characterizes  the  degree  of 
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scattering  the  separate  values  of  random  variable  ? (t , ) relative  to 
its  average  value.  The  dispersion  of  process  also  is  the 
nonaccidental  function  of  time. 

Correlation  function 


R (tv  y - [« (ti)  - 5 (fx)]  [5  (U)  - 6 (h)}  . (2.2.4) 


The  correlation  function  characterizes  on  the  average  the  degree 
of  the  communication/connection  between  the  values  of  random  process 
in  sections  for  certain  torque/moment  of  time  t,  and  of  another 
torque/moment  in  time  1 2.  It  also  is  the  nonaccidental  function, 
which  depends  in  the  general  case  from  two  parameters  t,  and  t2.  in 
detail  correlation  function  ana  its  properties  will  be  examined  in 
§2.3. 

Let  us  note  that  the  mathematical  expectation,  the  dispersion 
and  correlation  function,  determined  by  relationship/ratios  (2.2.2)  - 
(2.2.4),  are  numerical  chaaracteristics  of  mean  for  the  ensemble  of 
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realizations  (or  simply  ensemble  average),  since  they  are  obtained  by 
means  of  averaging  for  the  assigned  moments  of  time  on  entire 
multitude  of  realizations  of  random  process  5 (t)  . The  feature  above 
symbols  in  the  indicated  formulas  indicates  the  sign  of  averaging  on 
many  realizations. 


Random  processes  is  accepted  to  divide  into  transient  and 
stationary.  Transient  random  process  is  characteristic  fact  that  its 
probabilistic  characteristics  depend  on  time,  i.e.,  transient  process 
has  the  determine!  tendency  of  development  in  time,  the  presence  of 
stability  indicates  the  fact  that  the  random  process  occur /f lo w/last s 
in  time  statistically  uniform.  Regarding  the  stationary  process,  at 
whose  all  the  probability  densities  do  not  depend  on  the  zero  time 
reference. 
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Consequently,  foe  such  processes  one-dimensional  probability  density 
does  not  depend  upon  where  on  the  axis  of  time  is  selected  the  moment 
of  time  tt,  i.e.,  W (xt;  ti)  = W (x).  The  numerical  characteristics 
of  stationary  processes  also  do  not  depend  on  the  zero  time 
reference.  Specifically,  the  mathematical  expectation  and  the 

dispersion  of  this  process  are  in  this  case  some  constant  values  m 
and  *2.  In  turn,  correlation  function  depends  only  on  interval  r = t? 

- t,,  but  not  on  values  themselves  t?,  t,,  i.e.,  R (t*;  tj)  = R (r). 


Stationary  random  processes  frequently  are  encountered  in 
pract ice  1 . 

FOOTNOTE  1 . Sometimes  for  random  processes  they  are  limited  only  to 
requirement  for  independence  from  the  zero  time  reference  of  the 
average  value,  dispersion  and  correlation  function.  Such  processes 
are  called  stationary  and  wide  sense  [22].  ENDFCOTNOTF. 

As  their  example  can  serve  fluctuating  noises  at  the  output/yield  of 
receptor,  the  noises  of  resistor/resistances,  of  electron  tub°s,  etc. 

The  concept  of  stability  largely  facilitates  the  investigation 
of  the  random  processes,  which  describe  the  properties,  for  example, 
of  telegraph  (including  broadband)  signals  in  the  communication 
channels  with  the  fluctuating  and  other  interferences. 

as  we  saw,  the  densities  of  probability  and  the  numerical 
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characteristics  of  such  processes  are  described  simpler  than  in  the 
case  of  transient  processes.  Besides  the  fact  that  it  is  not  less 
importantly,  for  stationary  processes  is  considerably  simpler  than 
the  experimental  determination  of  different  numerical 

characteristics.  Actually,  the  determination  of  mathematical 
expectation,  dispersion  and  correlation  function  from  formulas 
(2.2.2),  (2.2.3)  and  (2.2.4)  requires  knowledge  sufficient  larger 

amount  of  realizations  of  random  process  are  related  with  cumbersome 
calculations. 


The  presence  of  stability  as  the  statistical  uniformity  of  the 
behavior  of  process  in  time  runs  against  thought  about  the  fact  that, 
apparently,  for  this  process  the  only  cne  realization  f or  a 
sufficiently  long  interval  of  observation  possesses  the  properties, 
characteristic  for  entire  process  as  a whole,  and  it  allows  it  will 
determine  a series  of  its  characteristics. 

Page  55. 


Having  only  one  realization  of  process,  possible  it  would  be 
sufficient  simply  to  find  its  mathematical  expectation,  utilizing  the 


DOC  = 770501 22 


PACE 


X\l1 


formula 


m=  Hm  ~fii  (t)dt, 
T -*  oo  ‘ o 


(2.2.5) 


where  T - the  duration  of  the  inter’ al  of  observation;  (t) 
certain  realization  of  process  in  this  interval. 


Actually  this  expression  characterizes  the  constant  component  of 
process.  So,  if  f|  ( t)  there  is  certain  stress  of  complex  form,  then  m 
- the  constant  component  of  this  stress  (Fig.  2.2.3). 
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The  dispersion  is  determined  by  the  relationship/ratio 


o»=  Jim  -jr/Mf)  — ' ‘ (2.2.6) 

r -»  oo  / g 


and  characterizes  the  power  of  the  variable  component  (fluctuations) 
cf  process  1 . 

FOOTNOTE  i.  It  is  necessary,  however,  to  keep  in  mind  that,  although 
the  dispersion  characterizes  the  power  cf  the  fluctuations  of 
process,  these  values  they  have  different  dimensionalities. 

Electrical  power  is  expressed  in  watts,  and  dispersion  - in  volts  or 
amperes  squared.  Dispersion  is  numerically  equal  to  power,  if  random 
process,  which  is  stress  or  current,  operates  during 
resistor/resistance  into  1 ohm.  ENDFOOTNOTF. 

I ..... ... ........... ........ 
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tf(x)=  lim  + (2.2.7) 

T — <30  1 Q 


Values  m , a7 ’,  R (r),  found  with  the  aid  of  relations  (2-2.5)  - 

(2-2.7)  by  means  of  averaging  in  sufficiently  large  time  interval, 
are  called  time  average.  Question  is  comprised  only  in  that, 
correspond  to  ensemble  average  values,  strictly  defined  by  formulas 
(2.2.2)  - (2.2.4).  It  proves  to  be  that  among  stationary  processes 
are  many  processes,  which  possess  the  remarkable  property  of 
ergodicity.  The  essence  of  this  property  is  comprised  in  the  fact 
that  for  such  processes  any  probabilistic  characteristic,  obtained  by 
means  of  averaging  on  the  ensemble  of  realizations  with  probability, 
how  is  convenient  to  close  to  unity,  is  equal  to  the  analogous 
characteristic,  obtained  from  sinqle  unique  realization  of  process  by 
means  of  averaging  for  sufficiently  large  time  interval. 
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Thus,  for  ergodic  processes  time  average  m,  a 2 and  R (r)  are 

equal  to  analogous  characteristics,  obtaned  by  averaging  p to  the 
ensemble  of  realization.  This  property  very  widely  is  utilized  in 

theory  and  practice  of  radiolink  systems,  where  the  main  role  play 
the  stationary  processes,  which  possess  the  property  of  ergodicity. 
Therefore  further  will  be  examined  the  cnly  such  processes. 

52.3.  correlation  function  of  stationary  process. 

The  values  of  random  process  at  the  different  moments  of  time 
are  mutuallyed-depend.  This  means  that  its  some  values  cannot 
arbitrarily  pass  to  others.  In  other  words,  the  precedi ng/ prev ious 
values  of  process  to  a certain  degree  predetermine  the  nearest 
subsequent  values. 


Page  57. 

•Phi the  interdependence  of  the  values  of  process  at  the 
different  moments  of  time  can  be  explained  by  the  fact  that  each 


random  process  operates  in  real  system,  or  the  electrical  circuit 
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which  possesses  inertial  properties.  The  presence  of  inertness  limits 
the  rates  of  change  in  the  process.  These  com municat i on/connec t ions 
between  the  values  of  random  process  at  the  different  moments  of  time 
tear  probabilistic  character.  For  their  quantitative 
est imat e/eva lua t ion  on  the  average  is  utilized  the  numerical 
characteristic  of  process,  called  correlation  function. 


In  the  present  paragraph  fundamental  the  attention  will  be 
allotted  to  the  correlation  function  of  the  stationary  process  ft  (t)  , 
which  possesses  ergodic  property,  i.e.,  to  such  functions,  with  which 
we  encounter  during  the  study  of  the  properties  of  broadband  signals 
in  noisy  channels. 


The  interference  of  the  various  kinds  of  interferences  is 
determined  by  the  power  of  the  variable  component  (by  fluctuation)  of 
process.  The  constant  component  (average  value)  of  process  usually 
nothing  adds  to  the  interference  of  interference  and  in 
concrete/specific/actual  diagrams  always  can  be  easily  filtered  out. 
Therefore  subsequently,  if  this  is  not  specified  especially,  the 
mathematical  expectation  of  process  6 ( t)  is  eliminated  from  the 
examination  by  the  assumption  that  in  = 0.  Then  correlation  function 
(2.2.4)  assumes  the  form 
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7?(t)  = 5(0?((  + t). 


(2.3.1) 


Correlation  function  (2.3.1)  possesses  the  following  properties. 


1.  It  is  the  even  function  of  argument  r,  i.e.. 


K(t)  = K(-t). 


(2.3.2) 


This  property  is  the  consequence  of  the  stability  of  process  e (t) . 
Actually,  for  a stationary  process  correlation  function  does  not 
depend  on  the  selection  of  the  zero  time  reference  t,  p;;  _j  J -- - r 3 - 

if  imti  i i4m  but  it  depends  only  on 

interval  r between  countdowns.  Therefore  the  values  of  correlation 
function  for  the  moments  of  time  t,  t ♦ r and  t,  t - r (see  Fig. 
2.3.1)  take  the  form 


«M  — 5(05(t  + *)=-J(0«(f-T)  = K(— ')• 
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2.  With  r = 0 value  of  correlation  function  is  equal  to  the 
dispersion  of  process,  i. e. , 


(2.3.3) 


J.  The  absolute  value  ot  correlation  function  at  any  values  r 
cannot  exceed  its  value  with  r = 0,  i.e.,  1 


(2.3.4) 
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FOOTNOTE  *.  The  proof  of  this  confirmation  the  reader  can  find,  for 
example,  in  [8.22].  ENDFOOTNOTF. 


4.  For  the  stationary  process,  which  possesses  ergodic  property, 
is  correct  the  relationship/ratio 


lim  R (t)  = 0. 


(2.3.5) 


This  result  means  that  with  an  increase  in  the  interval  r among  two 
sections  of  process  the  dependence  among  the  values  of  process  in 
these  cross  sections  determined  by  relationship/ratio  (2.3.1),  ever 
more  weakens  and  it  vanishes.  For  the  values  of  range  r from  0 to 
sufficiently  large  v the  character  of  a change  in  the  correlation 
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The  first  of  these  functions  characterizes  the  correlation  properties 
of  fluctuating  noises  at  the  output/yield  of  the  idealized 
oscillatory  duct  with  the  resonance  curve,  accurately  repeating  the 
curve  of  Fig.  2.3.2a.  The  second  correlation  function  is  inherent  in 
noises  at  the  output/yield  of  real  parallel  oscillatory  duct.  Both 
correlation  functions  satisfy  the  given  above  conditions.  However, 
the  character  of  their  change  with  an  increase  r is  various. 

The  correlation  function  of  Fig.  2.3.2a  is  described 
formula 

R (x)  — o^-"* , 

where  a - certain  constant  value,  as  can  be  seen  from  figure,  with  an 
increase  r it  monotonically  vanishes.  This  character  of  behavior  R 
(r)  is  inherent  in  the  random  processes,  which  are  relatively  slowly 
changed  in  time. 


by  the 
(2.3.6) 


Page  60 
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The  correlation  function  of  Fig.  2.3.2b  is  determined  by  the 
re  la  tignshi p/ra  tio 

fl(T)  = o*<r|,!,,cos<u0T.  (2.3.7) 

where  0 is  certain  constant;  «0  - change  frequency  correlation.  From 
the  figure  one  can  see  that  it  with  an  increase  r vanishes  not 
monotorica lly,  but  consecutively  reversing  the  sign.  The  neqative 
values  R (r)  attesting  to  the  fact  that  in  the  appropriate  interval  r 
most  probable  the  different  in  sign  values  random  process.  This 
character  of  the  behavior  of  correlation  function  is  inherent  in  the 
rapidly  changing  in  time  processes.  The  faster  this  change,  the  more 
“o* 


For  the  majority  of  random  processes,  which  describe  the 
distortions  of  signal  and  radio  interference,  virtually  always  it  is 
possible  to  indicate  this  finite  time  interval  with  excess  of 

which  it  is  possible  to  count  R (r)  = 0.  This  interval  is  called  time 
of  correlation,  and  the  value  of  random  process  with  Z >Z^  they  are 
called  those  which  were  not  correlated. 
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By  time  of  correlation  is  understood  this  time  interval  , 
after  which  correlation  function  it  attenuates  to  certain  negligible 
value,  for  example,  to  lo/o  or  of  several  percentages  from  maximum. 

The  value  of  time  of  correlation  gives  the  representation  of  that,  at 
which  on  the  average  values  r it  is  possible  to  set/assume  not 
correlated  the  values  of  random  process. 

In  practice  very  frequently  are  encountered  the  processes,  the 
probability  densities  of  which  are  described  by  the  normal  law  of 
distribution  (see  §2.6).  For  these  processes  the  lack  of  correlation 
of  the  values  determines  simultaneously  and  their  static 
(probabilistic)  independence. 

Since  the  process  5 (t  ) possesses  ergo, lie  property, 

its  correlation  function  R (t)  can  be  determined  by  one  realization, 
by  utilizing  the  relationship/ratio 

1 


W 


Formulae  (2.3.1)  and  (2.3.8)  represent  correlation  function  for 
the  value  of  just  one  process  at  the  different  moments  of  time. 

Page  61 . 

Emphasizing  this  fact,  in  such  cases  they  say  that  V (r)  is 
aelf-correlation  function.  In  the  general  case  correlation  function 
can  characterize  the  degree  of  the  communication/connection  of  two 
different  random  processes  (for  example,  the  stress  of  the  sum  of 
signal  and  interferences  with  the  stress  of  heterodyne  in  the 
schematic  of  the  converter  of  receiver  etc.).  Tn  this  case  they  speak 
about  mutually  correlated  function  (crosscorrelation  function). 
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Let  p (t)  and  r>(t)  be  two  stationary  process  with  zero 


1 


(T), 


mathematical  expectations.  Then  their  mutually  correlated  function 


/I 


as  time  average,  it  is  determined  by  the  relat icnship/ratio 


Ri.  i)  W = lim  -i - / 5 ( t ) T)  (t  ± x)  dt.  (2.3.9) 

T-+oo  J 


Unlike  autocorrelation  function,  the  crosscorrelation  function  is  not 
even , i.e.  , 


(2.3.10), 


If  processes  P (t)  and  Tfit)  are  independent  (and  the  average  value  at 
least  in  one  of  taem  egual  to  zero),  then  R -O  for  all  values  r. 

4? 


The  proof  of  these  properties  mutual-correlation  function  the 
reader  will  be  able  to  find,  tor  example,  in  works  [21,  22].  Concepts 
auto-  and  the  mutually  correlated  function  as  the  parameters  of 
signal  find  quite  wide  application  in  the  transmission  systems  of 
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discrete  information.  They  are  fundamental  tor  the  underst  andi  ncj  of 
the  operating  principles  of  broadband  ccmmunicating  systems. 


Formulas  (2.3.8)  and  (2.3.9)  indicate  the  possibility  of  the 

simple  experimental  determination  of  correlation  functions,  in  this 

case  there  is  no  need  for  that  in  order  that  T - time  of  the 

observation  of  the  realization  of  process  would  be  infinite.  The 

error  in  the  determination  of  correlation  function  because  of  finite 

T 

time  will  be  negligible,  if  A considerably  exceeds  time  of 

correlation  £ ) i.  e.  if  it  is  made  condition  [21] 

K 


(2.3.11) 


Page  62. 


Then  it  is  possible  to  write  the  following  formulas  for  correlate 


function: 
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±T)<W; 

' o 

W = -jr/5(0*l(f±*)<tt- 

■'  0 


(2.3.12) 


Attempting  to  emphasize  that  fact  that  R (r)  anti  hL  (z)  in  these 

b- ^ 

expressions  are  determined  in  the  finite  interval  of  observation, 
they  speak  about  short-term  auto-  and  mutually  correlated  functions. 
The  experimental  computation  of  these  functions  is  realized  by  the 
special  devices,  which  obtained  the  name  of  correlators,  or 
correlometers. 


Figure  2.  3.1a  depicts  the  functional  diagram  of  the  simplest 
correlator,  which  works  in  accordance  with  (2.3.12).  It  includes  the 
following  fundamental  elements:  delay  unit  (delay  line),  multiplier. 


the  integrator  and  display. 


Let  us  examine  the  operating  principle  of  correlator  during  the 

computation  of  the  short-term  self-correlation  function  of  process  £ 

(t)  . In  this  case  the  switch  fl,  is  establ  ish/ inst al led  in  position 

0 

"I”.  Let  also  the  switch  a be  established/installed  in  certain  2-th 
position  that  corresponds  to  certain  fixed/recorded  value  x ■ (i  = 0, 
1_,  2,  ...,  m - the  number  of  positions  of  switch).  Then  the  input  of 

multiplier  enter  signals  (realizations  of  process)  £ (t ) and  £ (t  - 
displaced  (delayed)  one  relative  to  another  into  the  lines  of  delay 

for  a period  X ‘ (Fig.  2.3.3b).  In  multiplier  6 (t.)  and  they 

are  multiplied  either  with  the  aid  of  electron-tube  (transistor) 
diagrams,  or  with  the  aid  of  the  devices,  which  possess  effect  of 
multiplication,  for  example  by  the  Hall  effect.  [21]. 

Voltage  l(t)  • l(t  — t<)  ente rs  the  integrator  with  time  of  integration 

T,  at  output/yiell  of  which  is  formed  the  value  of  autocorrelation 
funct  ion  RCf- ) (Fig.  2.3.3c).  In  concret  e/s  p^ci  f ic/actua  1 diagrams  the 
integration  can  be  realized,  for  example,  with  the  aid  of 
chain/network  RC,  the  low-pass  filter  cr  special  electronic  circuits. 
The  result  of  integration  enters  the  display  unit,  as  which  there  can 
be  either  measuring  meter  or  oscillograph,  etc.  Page  63. 
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Fig.  2.3.3. 

Key:  (1).  Multiplier.  (2).  Integrator.  (3).  Indicator.  (4).  D°lay 

line.  Page  64. 


By  changing  consecutively  the  positions  of  switch  n?  from  r0  tor 
and  by  giving  each  time  of  computation,  it  is  possible  to  obtain  the 
sufficiently  complete  representation  of  the  nature  of  the 
autocorrelation  function  of  process,  of  course,  with  this  the  values 
of  delay  time  z~  must  be  selected  in  accordance  with  the  character 
of  a change  in  the  correlation  function:  tor  the  correlation  function 
of  the  form,  presented  in  Fig.  2.3.2a,  it  is  possible  to  take  them 
thinner  than  for  the  function  of  Fig.  2.3.2b. 


During  the  determination  of  mutually  correlated  function  (switch 
fl,  is  est  abl  ished/ i nsta  lied  in  positior  "2")  correlator  works 
a na  1 ogousl  y . 

The  given  functional  diagram  for  computation  auto-  or  to 
mutually  correlated  function  is  placed  as  the  basis  of  the  operating 
principle  of  the  correlators,  utilized  in  broadband  com  nun icat inq 


t 
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systems  (see  §3.1  and  4.1). 


§2.4.  spectrum  of  stationary  process. 

Besides  the  probability  density,  and  also  of  mathematical 
expectation,  dispersion,  correlation  the  functions  and  of  other 
numerical  characteristics,  the  properties  of  stationary  random 

process  to  the  certain  degree  can  be  described  also  by  its  frequency 
spectrum.  As  is  known,  the  concept  of  the  spectrum  widely  is  utilized 
in  radio  engineering  for  the  analysis  of  the  determined  (ceqular, 
nonaccidental)  processes. 


Usually  oscillating  process  in  any  electrical  circuit  is 
represented  in  the  form  of  the  sum  of  the  harmonic  oscillations  of 
different  frequencies.  Then  the  function,  which  characterizes  the 
amplitude  distribution  of  harmonics  according  to  different 
frequencies,  is  called  the  spectrum  of  oscillating  process.  The 
spectrum  determines  the  internal  structure  of  process,  it  indicates 
that,  the  fluctuations  of  which  frequencies  predominate  in  the 
process  being  investigated. 
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Spectral  representation  can  be  applied  also  for  the  analysis  of 
random  processes.  However,  in  this  case  is  an  essential  di fference 
from  the  spectral  representation  of  the  determined  process . if  we 
present  any  realization  of  just  one  process  in  the  form  of  the  sum  of 
harmonic  oscillations,  then  the  amplitudes  of  harmonics  will  be  the 
random  variables,  which  depend  on  the  selected  realization. 


Page  65. 


It  is  obvious  that  in  this  case  the  concept  of  the  spectrum  of 
amplitudes  becomes  meaningless,  since  it  is  unknown,  which  of  the 
realizations  one  should  give  preference.  But  for  a random  process  it 
is  possible  to  introduce  this  concept  of  the  spectrum,  which 
considers  the  limitedness  of  the  energy  "resource/lif etimes"  of 
process  and  it  is  connected  with  average  power  cf  its  fluctuations 
(by  dispersion  of  process  **).  This  concept  is  the  spectrum  of 

average  power,  or  the  energy  spectrum.  It  characterizes  the 
distribution  of  average  power  of  the  fluctuations  of  the  harmonic 

components  of  process,  in  other  words,  distribution  according  to  the 
different  sections  of  the  frequency  range  of  average  power 
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(dispersion)  of  process.  This  position  is  can  illustrate  Fig.  2.4.1., 
in  which  are  shown  the  noise  spectra,  generated  by  thyratron  (a)  and 
by  neon  tube/lamp  (b). 


Quantitatively  the  spectrum  of  random  process  described  by  the 
spectral  density  of  average  power  or  by  simple  spectral  density.  The 
spectral  density  S (u)  is  determined  by  relation  containing  in 
infinitesimal  frequency  interval  (from  u to  u + du)  of  average  power 
of  process  d az  to  the  width  of  this  interval  du 


DOC  = 77060122 


PAGE  Ul2~ 


Page  66. 

The  sense  of  this  determination  is  illustrated  by  Fig.  2.4.2,  in 
which  the  shaded  elementary  section  conditionally  corresponds 
infinitesimal  value  of  average  power  do*.  Spectral  density  represents 
the  "height/altitude"  of  this  section,  i.e.,  power  density  for 
certain  frequency  u.  As  the  function  of  frequency  spectral  density 
characterizes  power  distribution  according  to  the  spectrum.  It  is 
obvious  that  the  total  power  of  random  process  is  equal  to  the  sum  of 
the  power,  included  in  all  elementary  sections  within  the  limits  of 


\ 
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the  occupied  frequency  hand,  which  in  the  general  case  can  stretch 
from  0 to  Then  the  power  of  the  process 


oo 

°s  = / s (“)  du.  (2.4.2) 

o 


To  evaluate  the  value  of  the  frequency  band,  occupied  by  the 
random  process,  is  introduced  the  concept  of  the  width  of  energy 
spectrum,  determined  by  relationship/ratio  [22] 


Ad)  : 


J S (o>)  di» 

, 

S (uio) 


(2.4.3) 


where  S (u0)  - tha  value  of  spectral  density  at  certain 

characteristic  frequency  <j0  (appropriate  usually  to  tha  maximum  of 
spectral  density). 
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As  can  bo  seen  from  formula  (2.4.3),  the  width  of  taa  spectrum 
Au  is  equal  to  the  foundation  of  rectangle  with  heigh* /al t it ud e S 

(u0)  , that  has  the  same  area  as  the  area,  included  between  the  curve 
of  S (u)  and  the  axis  of  abscissas  (Fig.  2.4.3)  *. 


FOOTNOTE  1 . Sometimes  by  the  width  of  the  spectrum  Aui  is  understood 
the  interval  between  some  extreme  frequencies,  at  which  the  spectral 
density  is  reduced  to  the  determined  level,  for  example  to  half  from 
the  maximum  value.  The  computation  of  the  width  of  the  spactrum  at 
the  level  of  half  from  the  maximum  value  of  spectral  density  and  due 

to  formula  (2.4.3)  brings  in  the  majority  of  cases  to  virtually  very 
close  results.  FNDF  COT  NOT  E. 


In  §2.1  it  was  noted  that  the  radio  interference  possess 
different  energy  spectra.  Their  spectra  depend,  in  the  first  place, 
on  the  character  of  the  source  of  interferences  and,  in  tie  second 
place,  on  that,  through  which  circuits  of  selection  passes  the 


inter  ference. 
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Sources  can  generate  interferences  with  so-called  discrete 
(lined)  spectra,  whose  harmonic  frequencies  is  multiple  to  certain 
fundamental  frequency.  Such  spectra  possess,  for  example,  soma 
concentrated  interferences  (see  Fig.  2.1.3)  or  pulse  interferences  in 
the  form  of  regular  sequence  of  mixing  mome ntum/i mpulsa /pulses . 

The  sources  of  fluctuating  interferences  generate  interferences 
with  the  continuous  (continuous)  spectrum,  frequency  components  of 
which  are  not  multiple  one  another  (see  Fig.  2.4.1).  Such  spectra  I 
possess  fluctuating  noises  of  receptor,  various  hinds  atmospherics, 
noises,  created  electronic  tubes,  and  so  forth  M3,  18], 

Page  68. 

Depending  on  the  character  of  spectral  density  as  functions  of 
frequency  distinguish  interferences  with  the  nonuniform  and  uniform 
spectra.  The  nonuniform  spectrum  possess,  for  example,  atmospherics, 
intensity  which  it  decreases  with  an  increase  in  the  frequency,  the 
single  concentrated  interferences,  the  fluctuating  noises,  generated 


by  some  electron-ion  equipment/devices.  Figure  2.4.1  depicts 
nonuniform  noise  spectra,  generated  by  thyratron  and  neon  tube/lamp 
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Some  sources  ganarate  interferences  with  the  uniform  spectrum,  i.e., 

with  constant  in  certain  sufficiently  broad  band  spectral  density. 

The  uniform  spectrum  possess  the  noises,  which  appear  in  electron 
tubes  due  to  the  presence  of  shot  effect,  the  noises  of 
resistor/resistances,  etc.  For  example,  the  spectral  noise  density  of 
resistor/resistances  remains  virtually  constant  up  to  frequencies 
10i3-io»*  Hz. 


i j 


In  a number  of  cases  with  sufficient  accuracy  it  is  possible  to 


assume  that  the  fluctuating  interference,  which  operates  on  the  input 


of  receptor,  possesses  the  uniform  spectrum  in  unlimitedly  wide 
frequency  band  (Fig.  2.4.4).  The  random  process,  which  approximates 
fluctuating  interference  with  this  spectrum,  is  called  "white''  noise 
by  analogy  with  the  white  world/light,  which  has  uniform  and 

continuous  spectrum  in  the  visible  part  l.  | 


FNDFOOTNOTF. 


The  concept  of  "white"  noise  is  the  very  complete  mathematical 
idealization,  used  when  within  the  limits  of  the  passbini  of  receiver 
the  spectral  density  of  the  affecting  real  noise  can  he  considered 
approximately  constant. 


Further,  as  a result  of  the  passage  through  the  selecting 
electrical  circuits  the  spectra  of  real  interferences  turn  out  to  he 
to  a certain  degree  those  which  were  limited.  In  this  case  are 
distinguished  narrow-band  and  broadband  random  processes  [22%  Random 
process  is  called  narrow-band,  it  its  spectrum  is  concentrated  in 
essence  in  the  relatively  narrow  frequency  band  about  certain 
frequency  u0.  Mathematically  the  condition  of  narrow-bjni 
characteristic  is  represented  in  the  form 

A(o<C“>o«  (2.4.4) 

where  Au  - the  wiith  of  the  spectrum. 

At  symmetrical  curve  spectral  density  the  frequency  u0  is  the 
medium  frequency  j f t he  spectrum.  The  condition  of  narrow-band 
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characteristic  maau.-s  that  the  width  of  the  spectrum  of  process  must 
be  much  less  than  the  medium  frequency  of  the  spectrum  (Fiq.  2.4.5a). 


Page  70. 


The  random  process  is  broadband,  if  condition  (2.4.4)  is  not 
satisfied  (Fig.  2.4.5b).  Let  us  note  that  one  ought  not  to  mix  the 
concept  of  the  broad-band  character  of  random  process  with  *he 
concept  of  the  broad-band  character  of  signal.  When  they  tell  about 
broadband  signal  in  radiolink  system,  thereby  emphasize  that  fact 
that  the  spectrum  of  this  signal  is  much  wider  than  the  spectrum  of 
the  transmitted  report/communication,  i.e.,  the  base  of  system  FT  >> 
1.  However,  broadband  signals  just  as  all  signals,  used  in  radio 
communication  are  narrow-band  in  the  sense  of  determination  (2.4.4). 


§2.5.  Communication/connection  between  the  correlation  function  and 
the  spectrum  of  stationary  of  process. 


From  the  viewpoint  of  the  properties  of  stationary  random 


process  the  spectrum  characterizes  the  rate  of  change  in  its 
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instantaneous  values.  Fiqure  2.5.1  depicts  to  the  realization  of  the 
processes,  in  spectra  of  which  are  contained  the  different 
components,  the  spectrum  of  the  process  of  Fig.  2.5.1b  containing 
more  high-frequency  components,  than  the  spectrum  of  tne  process  of 
Fig.  2.5.1a.  As  can  be  seen  from  figures,  the  instantaneous  values  of 
process  with  the  more  high-frequency  spectrum  are  cha  r a ct  er  i ze  d by 
the  more  frequent  transitions  through  zero  and  by  more  rapid  changes 
in  value.  Np 
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On  the  other  hand,  the  rate  ot  change  in  the  instantaneous  values  of 
process  is  determined  by  its  correlation  function.  It  is  obvious  that 
the  correlation  function  and  the  spectrum  are  must  be 
mutually-depenlent . This  interconnection  is  establish/installed  by 
the  following  two  integral  relationships: 


OG 

R(*)  = f S (u))  cos  (otc/(o;  (2.5.1) 

o 

S(a>)  = — f R (t)  cos  #tdt.  (2.5.2) 

* o 


Formulas  (2.5.1)  and  (2.5.2)  were  simultaneously  obtained  by 

Soviet  scholarly  a.  Ya.  by  Khinchin  and  American  scholar  N.  Weiner 
and  frequently  they  are  called  by  khinchina  - Weiner's  relationships 

». 
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FOOTNOTE  l.  Let.  us  note  that  r el  at  ion  sh  ip/r  at  i o (2.5.2)  is  more  rigid 
than  (2.4.1),  by  the  determination  of  spectral  density.  ENDFOOTNOTF. 


These  relationship/ratios  have  great  practical  value.  If  is  known  the 
correlation  function  of  process  R (r)  , then  with  the  aid  of  formula 
(2.5.2)  can  be  found  its  spectrum  S (w)  . If  is  known  the  spectrum  of 
process  S (<j)  , then,  by  substituting  its  value  in  (2.5.1),  it  is 


possible  to  determine  the  correlation  function  R (r).  Furthermore, 
khinchina  - Weiner's  relationship/ratios  establish/install  the 


interconnection  between  time  of  correlation  Z and  width  of  the 

K 

spectrum  Aw:  the  wider  the  spectrum  of  process,  the  lesser  time  of 


correlation,  and  vice  versa. 


Let  us  examine  as  an  example  the  interdependence  of  the 
correlation  function  and  spectrum  for  the  limited  on  band  fluctuating 
noise.  Let  of  this  noise  spectrum  be  limited  by  frequencies  w,  and  w2 
(Fig.  2.5.2a),  i.e.,  it  has  a width  Aw  = w2  - w,.  Let  also  the 
spectral  noise  density  be  constant.  Then  it  is  equal  to  S0  = az/ Aw. 

Let  us  designate  by  w0  = w2  ♦ wt/2  the  medium  frequency  of  noise 
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spectrum  and  assume  that  it  is  considerably  greater  than  the  width  of 
the  spectrum  (Au  <<  u0) , i.e.#  the  noise  is  narro-band.  Then, 
substituting  in  formula  (2.5.1)  expression  for  spectral  density  50f 
and  also  taking  into  account  that  the  integration  limits  for  u are 
included  between  extreme  frequencies  u,  and  u2,  we  will  obtain  as  a 
result  of  the  integration 


02 


sin  ■ 


Au>x 


R(  t)s=  f — cos  ore  • d(c=o*  - 

" Au 


A<i)t 

T 


cos  o)0T.  (2.5.3) 
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The  curve/graph  of  this  correlation  function  is  represented  in 
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Fig-  2.5.2b.  Prom  relationship/ratio  (2.5.3)  it  is  evident  that  the 
correlation  function  takes  the  form  of  harmonic  oscillation  with 


frequency  u0,  to  the  equal  medium  frequency  of  noise  spectrum,  and 

siniux/2  ...  ^ sini<i>x/2 

with  the  changing  according  to  the  law  — - — — amplitude.  Factor— — — 

’ ^ iiux/2  r Aiux/2 

is  envelope  correlation  function  which  changes  considerably  slower 
than  ”h igh- frequency  filling”  of  cos  w0r.  The  character  of  a change 
in  the  envelope  is  determined  by  the  fora  of  the  spectrum  and  depends 
on  the  width  of  the  spectrum  of  Aw. 


T7!  r,  . -P.  - 5^  - 


1 
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The  product  of  time  of  correlation  for  the  width  of  the  spectrum 
composes  for  the  case  in  question  value 


t*A(o  = ir.  (2.5.4) 


It  should  be  noted  that  the  correlation  function  in  the  form  of 
"high-frequency  filling"  cps  u0r  with  the  slowly  being  changed 
envelope  is  typical  for  the  narrow-band  processes,  which  have  the 
symmetrical  relative  to  certain  medium  frequency  spectrum  of 
arbitrary  form.  Difference  from  the  correlation  function  of  Fig. 
2.5.2b  will  is  only  in  the  character  of  a change  in  the  envelope, 
connected  with  the  form  of  the  spectrum. 


Stationary  processes  with  the  continuous  spectrum  do  not  exhaust 
all  processes  of  such  type.  Are  possible  the  stationary  processes 
which  have  discrete  spectra.  They  include  the  processes,  which 
describe  a series  of  the  radio  interference  (concentrate!,  pulse). 
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Discrete  spectra  possess  the  utilized  for  a transmission  information 
the  signals  for®  (1.1.1).  The  presence  of  discreteness  in  the 
spectra  of  such  processes  testifies  to  their  periodicity.  The  concept 
of  correlation  function  is  added  to  such  processes.  However,  unlike 
the  examined  earlier  cases,  when  R (r)  vanishes  with  r — ^ -,  the 

correlation  function  of  periodic  stationary  process  itself  is  the 
periodic  function  of  argument  r.  For  this  explanation  let  us  examine 
some  examples. 


Let  us  examine  the  correlation  function  of  the  random  process 


5(0  = S A>  cos  fot  + <p*)  = 

* - *i 

*. 

= 2 (a„  cos  <o*f  + bk  sin  V).  (2.5.5) 

* - *, 


where  A,  and  - some  random  the 

K-th  harmonic  component  of  process. 


amplit  ude 
connected 


and  the 

phase  of 

the 

with  a. 

A- 

and  by 

t he 

relationship/ratios 
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1,  = ai  + 6*  . — arctg  * ; 


(On  = £(0o  = k — 

c~__ ^ r 

(k2  - kt  ♦ 1)  - the  number  of  the  harmonic  components  of  process;/1! 
is  constant  angular  frequency  of  K-th  component  (t  - period) . 


Page  74. 


With  a„=bk  = 0,  al=bl=  o*,  aibj=aiaJ=btbj—0f  or  any  i and  j,  included 
between  kx  and  k2,  the  process  6 (t)  is  stationary  in  the  broad 
sense,  but  its  correlation  function  is  equal  to  [22] 


R (t)  = 2 o*  cos  <o*t. 


(2.5.6) 


Hence  it  is  apparent  that  R (r)  has  a repetition  period  T. 
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The  expansion  ot  torn  (2.5.5)  frequently  is  utilized  in  practice 
for  the  representation  of  stationary  (in  the  broad  sense)  processes. 
When  the  dispersions  of  harmonic  components  are  identical  ( °k  = °02  )• 
correlation  function  (2.5.6)  assumes  the  form 


R(x)  = ol  s 

* - *i 


sin 


Acdt 


COS  /C(00T  = 0s 


FT  sin 


u>0T 


COS(0OPT,  (2.5.7) 


where  Au  = (k2  - kt  ♦ 1)  u0  = FT  u»0  - the  width  of  the  band  of 

process  F.  (t)  ; <oop  = a)0  - the  medium  frequency  of  the  spectrum  of 

process;  o*=FTaJ  - the  dispersion  of  process.  From  (2.5.7)  it  follows 

that  in  the  case  of  the  uniform  spectrum  ot  process  its  correlation 

function  is  high-  frequency  oscillation  with  f requency  odCp,  to  th« 

equal  medium  frequency  of  the  spectrum,  and  by  envelope,  being  slowly 

changed  according  to  the  law  ae  — 8l”Aul^2_  . 

FT  sin  ioot/j 
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Fig.  2.5.3.  Page  76. 


With  FT  >>  1 denominator  of  this  expression  changes  considerably 
slower  than  the  numerator,  i.e.,  the  position  of  the  first  zero  in 
(2.5.8)  is  determined  zero  numerator.  Then  to  relationship/ratio 
(2.5.8)  is  equivalent  the  equality 


. A«>Tk  r. 
sin  — = = 0 


or 


Au>Tk 


-fir. 


Hence  it  follows  that  time  of  the  correlation 


A 
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r,=  ±-2l=±  -1 

iu)  F 


(2.5.9) 


Consequently,  time  of  correlation  is  inversely  proportional  to  the 
width  of  the  spectrum  of  process. 


From  Fig.  2.5.3.  it  is  evident  that  the  envelope  of  correlation 
function,  besides  the  fundamental  maximum  with  r = 0,  has  the 

supplementary  maximums  whose  positions  with  FT  » 1 are  determined  by 
the  values  r,  which  satisfy  the  condition 


z = (k+  -M*;  k=\,  2,  3.. 
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considerably  smaller  than  the  fundamental  maximum.  Remaining 
supplementary  tnaximums  have  another  value. 

Let  us  note  that  the  described  character  of  a change  in  the 
correlation  function  is  retained  in  general  terms,  also,  for  a 
periodic  narrow-band  stationary  process  with  the  nonunifarm  spectrum. 
However,  in  this  case  the  nonuniformity  of  the  spectrum  manifests 
itself  an  increase  in  the  time  of  correlation  [6]. 


The  concept  of  correlation  function  can  be  used  not  only  to 
stationary  periodic  processes,  but  also  to  utilize  with  respect  to 
determined  periodic  processes  [22]. 
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§2.6.  Noirmal  random  process.  Envelope  and  the  phase  of  narrow-hard 
normal  process. 

The  concept,  of  normal  random  process  plays  the  important  rol.e  in 
pract  ice.  This  is  caused  by  that  fact  that  the  large  number  or 


i r 


sources  creates  interferences  with  the  so-called  normal  law  of 
probability  density.  As  widely  confirmed  by  experiment,  this  law. 
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particular,  it  satisfies  the  probability  distribution  of  th« 
overwhelming  majority  of  fluctuating  interferences  (noisas  of 
electron  tubes,  r?  sistor/resist  ances  and,  etc),  specifically,  in 
connection  with  these  interferences  most  completely  developed  at 
present  the  basic  condition/positions  of  the  statistical  theory  o 
communication/connection.  The  one- d ime nsional  probability  density 
stationary  normal  random  process  is  determined  analytically  bv 
following  expression  [8]: 


(.r  — m)1 

W(x)=--e  2>I  , (2.6.1) 

VHa 


where  m and  a 2 are  a mathematical  expectation  and  the  dispcrsi-v' 
random  process. 


Graphically  this  dependence  is  represented  in  Fig.  2.  t>.  1 a . A 
can  be  seen  from  figure,  probability  density  (2.6.1)  takes  t h‘> 
bell-shaped  form,  symmetrical  relative  to  the  mathematical 
expectation  m.  The  maximum  value  a probability  density  has  wi*  i x 
m,  and  with  an  increase  in  the  divergence  to  one  side  or  th > nth > 

decreases,  strive  for  zero  when  x — ^ -.  The  latter  means  ♦hi* 
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theoretically,  although  with  small  probability,  are  possible  any  in 
value  overshoots  in  realization  normal  random  process.  The  value  oi 
the  mathematical  expectation  m characterizes  the  position  of 
distribution  curva  on  the  axis  of  abscissas.  During  a change  in  value 
m the  density  curve  of  probability  is  displaced  along  the  axis  of 
abscissas,  without  changing  form  (Fig.  2.6.1b)  . The  dispersion  a2 
characterizes  not  position,  but  only  the  very  form  of  the  density 
curve  of  probability.  The  more  value  a 2,  that  more  washed  away  it 
becomes  density  curve  probability.  (Fig.  2.6.1c)  ». 


FOOTNOTE  1 . In  the  probability  theory  it  is  proven,  that  the  area, 
included  between  the  density  curve  of  probability  and  by  the  axis  ol 
abscissas,  does  not  depend  on  the  law  of  distribution  an!  is  always 
egual  to  unity.  ENDPOOTNOTE. 


Pa  ge  78. 


By  returning  to  latum  to  §2.2  The  determination  of 
one-dimensional  probability  density  (2.2.1),  it  is  possible 
explain  its  sens?  in  the  case  in  guestion  as  follows.  Let  us  turn  * o 
Fig.  2.6.2,  in  which  are  combined  the  curve/graphs  of  the  realization 
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of  normal  random  process  with  zero  mathematical  expectation  {®  = 0) 
and  its  one- d imens  iona  1 probability  density.  Coincidence  is  conduced 
so  that  the  values  of  random  process  in  both  cases  would  be 
plot /deposited  along  the  axes  of  ordinates. 
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Let  us  isolate  certain  possible  value  of  random  process  xx  and 
infinitesimal  interval  Ax  relative  to  it.  Then  *he  probability 
density  W (Xj)  characterizes  probability  of  the  appearances  of  this 
value  of  random  process  (shaded  region  for  values  from  x,  + o x,  ♦ 

Ax)  . 

If  we  isolate  certain  another  value  of  random  process  x2  (more 
than  x,)  with  infinitesimal  interval  Ax  in  its  vicinity,  then  the 
probability  density  W (x2)  determines  probability  of  the  appearances 
already  of  this  value.  Since  probability  density  with  x = x,  larger 
than  with  x = x2,  also  the  probability  of  tne  appearance  of  the  firs* 
value  of  random  process  is  more  than  the  second.  Thus,  probability 
density  relates  any  possible  value  of  random  process  with  th» 
probability  of  its  appearance.  The  greater  the  probability  density 
for  certain/some  value,  the  more  freguent  the  random  process  it  will 
to  take  this  value.  The  examined  interdependence  between  the 
probability  density  and  the  random  process  turns  out  to  be  valid  nof 
only  with  normal,  but  also  under  any  other  law  for  a density  of 
probabilit  y. 


J 
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Normal  stationary  processes  differ  one  another  in  terms  of  th 
form  of  correlation  runction  (energy  spectrum).  As  it  follows  from 
expression  (2.6.1),  the  one-dimensional  probability  density  of  thi 
process  does  not  lepend  on  the  form  of  its  correlation  function 
(spectrum)  . Because  of  this  normal  processes  with  different 
correlation  functions  (spectra),  but  with  identical  as  dispersions 
will  have  identical  densities  probability. 


Lonary  pn:?s5^s  1*>vo1cms 
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densities  of  each  of  them. 


Normal  random  processes  possess  a series  of  remarkable 
properties.  Specifically,  for  such  processes  from  stability  in  the 
broad  sense  follows  their  strict  stability.  Furthermore,  if  two 
random  processes  are  not  correlated  and  normal,  then  they  are 
independen  t. 


In  the  probability  theory  also  it  is  proven  (for  example,  s-  c 
[8]),  that  any  linear  combination  of  normal  random  variables  has  al 
the  normal  law  of  density  probability.  Because  of  this  during  * hr 
passage  of  the  normal  random  process  through  any  linear  electrical 
circuit  (filter,  integrator  etc.)  the  law  of  its  distribution  does 
not  change,  i.e.,  it  remains  normal.  During  passage  it  through 
nonlinear  electrical  circuit  (detector,  limiter  etc.)  the  law  of 
distribution  changes  and  can  differ  significantly  from  tie  norml  . 


The  detailed  information  about-  the  conversion  of  normal  random 
processes  by  linear  and  nonlinear  electrical  cell/e  laments  the  read 
will  find  in  work  [22]  and  others.  Given  information  relative  to 
normal  process  and  its  one-dimensional  density  probability  is 
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sufficient  for  tha  understanding  of  the  most  important,  special 
feature/peculiarities  of  the  broadband  systems,  subjected  to  * h 

effect  of  fluctuating  interferences. 

In  practice  frequently  are  encountered  the  cases,  when  as  a 
result  of  the  passage  through  these  or  other  linear  selecting 
circuits  stationary  random  process  is  converted  into  narrow-band  wi-h 
the  symmetrical  relative  to  certain  medium  frequency  spectrum,  '’’his, 
as  a rule,  it  occurs  in  the  circuits  of  the  high  and  intermediate 
frequencies  of  radio  receivers  and  other  equipment/d^vices. 

It  wa  turn  to  the  time  diagram  of  this  process  (Fig.  2.6.  1)  , 
then  it  is  evident  that  it  is  the  "fluctuations"  of  comparat iv»lv 
high  frequency  (ocp  with  the  slowly  changing  according  to  certain 
random  law  amplitude.  Outwardly  narrow-band  process  is  v^ry  similar 
to  the  sinusoidal  modulated  in  amplitude  oscillation. 

Page  81. 


However,  unli/te  the  amplitude-modulated  oscil  la  t i on/v  i bra  t i on  her' 
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the  amplitude  of  oscillations  is  modulated  according  to  random  law. 
Furthermore,  occurs  slow  change  in  the  random  law  of  the  phase  of 
oscillations,  which  leads  to  a change  in  their  frequency  1 . 

FOOTNOTE  *.  The  rate  of  change  in  the  envelope  and  phase  is 
determined  by  value  T = 2n/&u,  where  Au  is  width  of  the  spectrum  of 
process.  If  the  process  is  narrow-band,  i.e.#  is  fulfilled  condition 

(2.4.4),  then  envelope  and  phase  virtually  do  not  change  during 
2* 

period  T cp= — «7\  ENDPOOTNOTE. 


This  character  of  a change  in  the  narrov-bani  stationary  process 
makes  it  possible  to  present  it  analytically  in  the  form  of  the 
harmonic  signal,  randomly  modulated  on  amplitude  and  t.h*  phase: 

S (0  = V (0  cos  [a>opf  + <?(()].  (2.6.2) 

where  V (t)  and  t>  (t)  - being  slowly  changed  in  comparison  with  cos  u>Cpt 

random  amplitude  and  phase; 


birp  - the  medium  frequency  of  the  spectrum  of  process. 
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Function  of  V (t)  is  called  the  envelope  of  narrow-hi nd  process 
(see  Fig.  2.6.3),  a <t>)  t)  - by  the  phase  of  process.  The  concepts  of 
envelope  and  phasa  of  narrow-band  process  hiqhly  useful.  Tn  a number 
of  cases  they  facilitate  the  understanding  of  the  physical  essence  of 
the  phenomena,  which  occur  under  the  influence  on  the  receptor  of 
interferences,  and  also  they  facilitate  mathematical  analysis.  For 
example,  during  detection  of  the  various  kinds  of  the  interferences 
often  sufficiently  it  is  to  be  restricted  to  the  analysis  only  of 
envelope  of  the  process,  which  is  isolated  at  the  output/yield  of 
detector,  and  its  remaining  parameters  can  be  disregarded. 


•• 
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Let  us  note  that,  although  the  spectrum  of  process  5 (*)  is 

found  in  vicinity  relative  to  the  high  frequency  toCp,  the  spec*  run  or 
the  envelope  V (t)  , defined  through  (2.6.2),  i*  lie/rest?  a*  t ! <■> 
range  of  the  low  frequencies,  adjacent  at  the  beginning  of 
coordinates,  analogous  with  that,  as  it  takes  place  for  the  snectrun. 
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of  the  envelope  of  the  a mplit ude-modul ated  oscillations. 


Further,  if  we  in  expression  (2.6.2)  indicate  probaoility  lave, 
to  which  satisfy  the  envelope  V (t)  and  phase  <P  (t),  then  ^hereby 
process  6 (t)  will  be  completely  determined.  Of  course,  in  this  case 
examine/considerei  separately  V (t)  and  <t>  (t)  possess  each  their 
inherent  laws  of  distribution  of  probabilities.  Specifically,  if  p 

(t.)  is  normal  stationary  random  process  with  zero  mathematical 
expectation  and  dispersion  as,  then  the  one-dimensional  probability 
density  of  envelope  satisfies  the  so-called  Rayleigh  law  *22]: 


W(V)  = 


v_ 

<J2 

0 


-YL(0 

e **  npw  V > 0; 

(i)  ■ 

npn  V < 0, 


(2.6.3) 


with 


a the  probability  density  of  phase  it.  satisfies  uniform  law  in  the 
interval  of  values  from  0 to  2ir,  i.e.. 
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W (<?)=]  2**™  °<»<  2*; 

o 


ocTajibHbix  cjiynaHx. 


(2.6.4) 


for 


in  the  remaining  cases. 


The  graph/diagrams  of  dependences  (2.6.3)  and  (2.6.4)  are 
represented  in  Fig.  2.6.4. 

As  can  be  seen  from  figure,  the  probability  density  of  envelope 
vanishes  with  V,  that  vanishes  and  for  infinity.  The  character  ot 
density  curve  of  probability  depends  on  value  Than  is  more  <r?, 

those  "sealed"  curve.  The  maximum  of  probability  density  is  equal  to 

1 

e 

-here  to  e,  i.e.,  Naperian  base  (e  = 2.7182).  It  is  obtained  always 
-ith  V - a,  i.e.,  among  the  different,  possible  values  of  envelope 
(amplitudes)  most  probable  the  values  equal  to  to  value  a. 
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Other  values  are  less  probable  and  the  possibility  of  thoir 
appearance  is  characterized  by  the  appropriate  values  of  probability 
density.  As  concerns  the  probability  density  of  phase  (Fig.  2.b.4!), 
during  the  observation  of  random  process  any  possible  values  o4-'  it 
are  equally  probable  in  range  from  0 to  2ir. 

§2.7.  Concept  of  statistical  testing  hypotheses  and  *:he  optimum 
methods  of  radio  reception. 

During  the  transmission  of  discrete  information  the  suhjac*  of 
transmission  of  re  port/communication  (text,  word,  the  data  of  comba* 
situation  etc.)  are  converted  in  the  coding  e guipme nt/i 3 vi ce  of 
transmitter  into  the  discrete  sequence  of  code  symbols,  in  binary 
systems,  while  subsequently  will  be  examined  the  only  such  systems, 
code  sequences  ace  formed  as  the  different  combinations  of  two  cod 
symbols,  which  let  us  designate  by  letters  Y,  and  Y?. 
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As  an  example  of  such  code  symbols  can  serve,  for  example,  the 
premise/impulses  of  "pressure"  and  "releases"  ("  1"  an  3 "0")  in 
telegraph  work.  For  a transmission  along  the  comm un icat ion  channel 
the  code  combinat ion  is  converted  in  the  modulator  of  transmitter 
into  signal.  In  this  case  to  each  cell/element  of  signal  is  placed  in 
one-to-one  correspondence  certain  code  symbol. 


Let  us  consider  that  in  binary  system  to  the  cel 1/ele mo  at s of 
signal  or,  for  the  sake  of  simplicity  radi,  to  signals  zx  (f)  a*d 
(t)  correspond  the  code  symbols  Y,  and  Y2  and  vice  versa.  In  t he 
receptor  of  communicating  system  at  the  taken  signals  zr(t),  r = 1; 
2,  are  restored  code  symbols  Yr,  r = 1;  2,  then  is  created  code 
combination  and  in  the  final  analysis  the  transmitted 
report/commun icat ion. 

Subsequently,  by  leaving  aside  the  questions  of  coding  and 
decoding,  let  us  assume  that  the  problem  ot  investigation  at  ♦ he 
output//ield  of  receptor  is  Baking  a decision  about  which  of  the 
signals  zr(t)  (symbols  Yr)  it  was  transmitted  in  the  course  of  Mi. 
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determined  time  interval.  This  approach  is  typical  for  the  study  of 
the  freedom  from  interference  of  the  transmission  of  discrete 
information  with  piece-by- piece  reception/procedure,  it  is  obvious 
that  if  the  interferences  in  the  communication  channel  were  no*  or 
they  would  have  the  determined  character,  then  always  it  would  be 
possible  to  unambiguously  restore/ reduce  the  transmitted  signalMO 

in  receptor  and  no  problem  here  it  would  appear.  Howevar  as  it  was 
shown  above,  interferences  in  the  communication  channel  always  bear 
that  which  is  nonpredicted,  i. e. , to  a certain  degree  random, 
character.  Therefore  as  would  not  be  accepted  the  solution  *o  which 
of  the  signals  zr(t)  it  was  transmitted,  always  possible  error,  i.o., 
observer  it  can  state  that  is  accepted  siqnal  z,  (t),  when  in 
actuality  was  transmitted  z2  (t)  and  vice  versa. 


Thus,  observer  must  carry  out  a selection  between  two  possible 
ccnf  i rmations:  Ht  is  accepted  signal  z,  (t)  and  H 2 - is  accepted 
signal  z2  (t).  These  two  confirmations  are  called  hypotheses,  in  *his 
case  must  be  selected  that  from  the  possible  hypotheses,  that  with 

the  greatest  probability  corresponds  to  reality.  Since  greatest  how 
disposes  of  the  observer  in  the  relation  to  interferences,  their  *iis 
statistical  (probabilistic)  description  of  of  as  ranlom  processes 
(see  $2.2),  selection  of  one  of  the  possible  hypotheses  was  calls) 
the  name  testing  statistical  hypotheses. 


■ 


Page  85. 

Of  course,  during  statistical  testing  hypotheses  observer  must 
utilize  such  a strategy  (this  method  of  treatment/working  received 
signals  and  interferences  in  receptor)  in  order  that  the  solution 

would  be  accepted  with  the  greatest  possible  success  or  (that  the 
same)  in  order  that  losses  due  to  making  erroneous  decisions  would  be 
smallest  possible.  But  this  will  depend  on  the  character  of  signals, 
interferences,  and  also  on  the  determination  of  the  concept  of 
success. 

In  order  to  explain  the  aforesaid,  let  us  turn  for  example.  Lot 
in  binary  communicating  system  for  the  transmission  of  discrete 
information  be  utilized  signals  zt  (t)  and  z2  (t)  whose  structure 
(amplitude,  freguency,  the  initial  phase)  is  known  in  all  par*s.  Are 
known  also  time  of  the  arrival  of  signal  and  statistical  properties 
of  the  noises  which  enter  together  with  signal  for  the  input  of 


receptor.  Let  W (x/Zj)  and  W (x/z?)  - the  probability  density  of  the 
possible  values  of  the  sum  of  signal  and  interferences  at  ‘•he  inpu* 


of  receptor  respectively  in  hypotheses  H,  (is  accepted  signal  z,  (n) 
and  H 2 (is  accepted  signal  z2  (t) ) . In  the  case  of  probability 
density  W in  question  (x/z2)  they  do  not  depend  on  the  unknown 
parameters  of  signal.  Therefore  hypotheses  Ht  and  H2  are  called 
simple.  We  will  also  describe  also  to  the  expected  signals  *r(t)  sone 
expected  or  a priori  (pretest)  probability  of  their  appearances, 
which  can  be  determined,  for  example,  by  means  of  analysis  sufficient 
long  code  sequences,  utilized  in  communicating  system.  Let  *o  signal 
z,  (t)  correspond  the  a priori  probability  q.  Then  to  signal  z2  (t) 
it  corresponds  to  probability  (1-q).  Observer's  problem  lies  in  the 
fact  that,  in  order  by  the  measurement  of  value  x in  receptor  for 
time  of  the  duration  of  the  cell/element  of  signal  t to  letermirr 
with  the  greatest  possible  success,  which  of  the  signals  zr(t ) is 
accepted.  As  strategy  it  can  take  the  division  of  the  interval  of  all 
possible  values  x of  the  adopted  sum  of  signal  and  intarf  a renews  for 
two  ranges  (Fig.  2.7.1a):  G,  (values  x range  from  - - to  certain  x0) 
and  g2  (values  x range  from  x0  to  -)  . If  value  x is  included  in  ran  i’ 
G i , then  observer  solves,  that  is  valid  hypothesis  Ht.  With  r^spnet 
is  accepted  hypothesis  H2,  when  x is  located  ir,  range  32. 


Page  86. 
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Figure  2.7.1a  shows  that  no  matter  how  was  selected  threshold 
value  x0,  is  always  feasible  the  case,  when  the  solution  is  accepted 
incorrectly.  Actually,  if  was  transmitted  signal  z,  (t),  then  the 
probability  of  error  (acceptance  of  hypothesis  H2)  is  determined  by 
the  area,  limited  by  ordinate  at  point  x - x0,  the  density  curve  of 
probability  W (x/zt)  and  by  the  axis  of  abscissas  (x0  < x < ») , and 
is  numerically  equal  to 

(2.7.1) 

Respectively  during  the  transmission  of  signal  z2  (t)  th?  probability 
of  error  (acceptance  of  hypothesis  Ht)  is  equal  to 


P2~Zwii)dx-  (2-7-2) 
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in  order  that  losses  due  to  making  erroneous  decisions  would  be 
smallest  possible,  observer  must  select  in  an  appropriate  manner 
threshold  value  x0.  The  latter  depends  on  the  cost  for  it  the 
probabilities  of  errors  pt  and  p2. 

The  contemporary  transmission  systems  of  discrete  information 

must  very  accurately  restore  the  transmitted  report/communications 
In  this  case  it  can  happen  so  that  the  error  in  the 

recept ion/procedure  at  least  of  one  transmitted  symbol  considerate  ] 
will  lower  the  value  of  entire  taken  report/communication.  From  » h 
viewpoint  any  error  with  reception/procedure  is  undesirable. 
Therefore  it  is  reasonable  to  set/assume  the  relative  values  of  th 
probabilities  of  errors  identical  and  equal,  for  example,  *o  unitv 
Then  the  total  probability  of  the  erroneous  reception  of  thQ 
cell/element  of  signal  is  determined  by  the  relationship/rat  io 
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P = <JPr+U—  <?)p2-  , (2.7.^) 

It  is  necessary  to  select  this  value  \0  from  all  possible  xQ/ 
which  would  minimize  probability  of  p.  For  determining  this  threshold 
value  it  is  necessary  to  differentiate  (2.7.1)  in  terms  of  x0  and  to 
equate  derivative  zero. 


By  executing  these  operations,  we  will  obtain 


(2.7.4) 


where  x0  - the  optimum  threshold  level,  depending  on  the  a priori 
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probabilities  of  the  transmission  of  signals  z,  (t)  and  z2  (t)  . 


Figure  2.7.1b  depicts  graphically  to  function  qW  jit/z,)  and 
(1  — q)  W (x/z2)  - the  probability  densities  of  the  adopted  sum  of 
signal  and  interferences  in  transmission  z,  (t)  and  z2  (t) , 
"suspended”  (multiplied)  in  accordance  with  the  a nriori 
probabilities  of  these  signals.  The  position  of  the  optimum  threshold 
X0,  defined  by  formula  (2.7.4),  must  be  by  such,  as  this  shown  in 
figure.  Then  complete  probability  of  the  erroneous  reception  of  the 
cell/element  of  signal  is  equal  to  the  shaded  range  and  smallest 
possible.  If  threshold  level  is  selected  not  in  accordance  with 
expression  (2.7.4),  then  complete  probability  of  error  will  increase. 
Actually,  let  be  selected  the  threshold  Xj  Then  probability  of 

error  during  the  transmission  of  signal  z,  (t)  increases  and  will  be 

oo 

equal  to  q f,  W(xlzt)dx,  a with  the  transmission  of  signal  z2  (t  ) - it 

xo 

decreases  will  be  equal  to  (\—q)  f W(x/z2)dx 
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However,  the  composite  probability  of  error,  equal  to  the  sum  of 
these  probabilities,  will  increase  to  the  value  of  the  blackened 
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area.  Analogously  complete  probability  cf  error  will  increase,  if 
xo  >U 


Formula  (2.7.4)  has  large  value,  since  it  indicates  such  a 
strategy,  by  which  the  losses  due  to  making  erroneous  decisions  will 
be  smallest  possible.  For  this  in  receptor  during  t raa  t me  n t /wj  rk  i nn 
the  adopted  sum  of  signals  and  interferences  must  be  calculated  the 
relat ion 


M*) 


(2.7.5) 


called  likelihood  ratio.  Then  value  X (x)  must  be  compare!  with 
threshold  X„  = g/1-q.  If  X (x)  > X0,  then  is  valid  hypothesis  H?,  hut 

if  X (x)  < X o , then  is  valid  hypothesis  H , . Emphasizing  that  f act 

that  into  the  "responsibility"  of  receiver  in  this  case  enters  not 
only  the  computation  of  likelihood  ratio,  but  also  the  del  ivoi y of 
the  solution  to  which  of  the  signals  is  accepted,  they  speak  about 
the  decisive  schematic  of  receptor.  It  is  natural  that  the 
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constructed  in  accordance  with  rule  (2.7.5)  decisive  schematic  of 
receptor  minimizes  complete  probability  of  the  error  and  in  this 
sense  is  optimum. 


The  criterion  of  the  minimum  composite  probability  of  error  very 
frequently  is  called  Kotelnikov's  criterion  or  by  ideal  observer's 
criterion  [20],  This  criterion  extremely  widely  is  utilized  during 
the  development  of  the  transmission  systems  of  discrete  information 
for  the  investigation  of  the  questions  concerning  the  structure  of 
the  optimum  decisive  schematic  of  receptor  and  its  freedom  from 
interference  in  the  different  interference  situations,  which  appear 
in  the  communication  channels. 


In  this  case  the  composite  probability  of  the  error  in  th?  optimum 

decisive  schematic,  based  on  Kotelnikov's  criterion,  depends  only  on 
the  character  of  interferences  in  the  communication  channel.  The 
freedom  from  interference  of  this  schematic  is  called  potential.  Ty 
comparing  the  freedom  from  interference  of  real  receptors  with 
potential,  it  is  possible  to  determine  the  possibilities  in  principle 

of  an  increase  in  the  freedom  from  interference  in  this  or  another 
method  of  reception. 


Subsequently  we  will  assume  that  a priori  the  probability  of  the 
transmissions  of  siqnals  z,  (t)  and  z2  (t)  are  identical  and  equal  *o 

*. 

q=l-q  = ±.  (2.7.6) 

FOOTNOTE  1.  in  work  [ 36]  it  is  proven,  that  in  any  rationally 
constructed  transmission  system  of  discrete  information  the  symbols 
of  code  sequences  are  approximately  equiprobable.  ENDFOOTNOTF. 

It  is  not  difficult  to  find,  as  must  be  constructed  in  this  case  *-  he 

decisive  schematic  of  the  optimum  according  to  Kotelnixov  receiver. 
This  receiver  must  calculate  during  treatment/working  the  adopted  sum 
of  signals  and  interferences  likelihood  ratio  X (x),  determined  by 
relationship/ratio  (2.75).  Moreover  the  optimum  threshold  lev*3]  on 
the  basis  of  formula  (2.7.4)  is  equal  to 

*o=l.  (2.7.7) 


The  condition  of  recording  signals  z,  (t)  and  z*  (t)  takes  <-he 


DOC 


77080122 


follovi ng 


form: 


PAGE  J''' 

,¥ 


if  A (x)  > 1,  then  is  accepted  z2 


(is  valid  hypothesis  H2  ) MB 


if  A (x)  < 1,  then  is  accepted  z, 


(is  valid  hypothesis  H,}. 


Very  frequently  the  construction  of  the  decisive  schematic 

substantially  is  simplified,  if  in  processing  of  the  adopted  sum  of 
signal  and  interferences  is  calculated  not  likelihood  ratio,  bu* 

certain  by  the  corresponding  shape  the  selected  monotonic  function  ot 
A (x).  In  channels  with  normal  interferences  as  this  function  most 
conveniently  it  is  to  utilize  functions  of  form  In  A (x).  In  this 
case,  taking  into  account  that  In  A0  = 0,  we  will  obtain  the 
following  equivalent  (2.8.8)  rule  of  the  solution: 


if  In  A (x)  > 0,  then  is  accepted  z2  (t); 


Page  90. 


Let  us  examine  important  examples  of  the  use  of  relationsh ip/ra*  io 
(2.7.9)  for  the  construction  of  the  optimum  according  to  Kot^l  niknv 
decisive  schematic  of  receptor. 


Optimum  decisive  schematic  in  channel  with  the  constant 
parameters  and  the  normal  fluctuating  interference  (coherent 
reception).  Let  in  the  binary  transmission  system  of  discrete 
information  be  utilized  the  signals  MO-  whose  structure  is 

determined  by  relationship/ratio  (1.1.1)  and  is  completely  known  with 
reception  up  to  the  phase  of  their  high-frequency  filling.  The 
communicating  system,  in  which  during  processing  received  signal  is 

utilized  the  a priori  information  about  the  phase  of  high-freguencv 
filling,  was  called  the  name  the  systems  of  coherent  reception.  The 
durations  of  both  versions  of  signal  we  set/assume  by  identical  and 
equal  T.  Let  also  in  the  communication  channel  operate  the  additive 
fluctuating  interference  5 (t)  in  the  form  of  normal  whit?  noise,  and 


the  parameters  of  the  communication  channel:  transmission  factor  v 
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and  propagation  time  are  known  with  reception  and  are  constant’  . Let 
us  accept  for  the  zero  time  reference  the  t.  or  gue/mom  en  t of  the 
beginning  of  the  reception  of  the  transmitted  cell/element  of  signal. 
Then  the  received  signal 

X(t)=pz,(f)-M(0.0<f<7\  (2.7 . 1 0) 


The  very  important  and  widespread  in  practice  case  is  the  use  it 
the  binary  transmission  systems  of  the  discrete  information  of 
signals  with  identical  energy  (energies): 

Pi=P2  = P..Pr=^}zir{t)dt.  (2.7.11) 

1 0 


Such  systems  were  called  the  name  systems  with  active  pause.  Le*  us 
determine,  which  must  be  in  this  case  the  structure  of  th?  optimum 
decisive  receiver  circuit  and  such  the  probability  of  the  error  of 
piece-by- piece  reception  in  this  schematic. 


wwm. 
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Likelihooi  ratio  in  the  case  in  question  takes  form  r 20,  16  ] 


~\n\{x)  = X2  — Xv 


(2.7.12) 


where  v2  - the  spectral  density  of  white  noise; 


X.=  it 


fx(t)zr(t)dt 


(2.7.13) 


- short-tern  crosscorrelation  function  between  received  siqnal  x 
(t)  and  the  expected  signal 


Page  91. 


Then  in  accordance  with  rule  (2.7.9)  recording  condition  under 
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the  receptor  of  ttie  r version  of  signal  takes  the  following  form: 


* 


> X1#  is  accepted  z2 


X,  > X2,  is  accepted  zt 


The  obtained  rule  of  solution  (2.7.14)  indicates  that  the  optimum 
according  to  Kotelnikov  receiver  must  be  mutually  correlated  tyoo 

receiver. 

The  decisive  schematic  of  this  receiver  can  be  constructed  as 
follows  (Fig.  2.7.2).  It  contains  two  multipliers,  to  which  are 
supplied  received  signal  x (t)  and  signals  pz , (t)  , pz2  (t)  from 

reference  oscillators.  From  output/y ields  multiplier  of  the 
voltage/stresses  are  supplied  to  integrators,  then  the  results  of 
integration  X1  X2  at  the  torque/moment  of  reading  t = T are  compared 

between  themselves.  Equipment/device  of  comparison  issues  the  number 
of  that  symbol  (Yt  or  Y2),  for  which  voltage/stress  Xr,  r = 1;  2, 
is  more.  After  this  is  realized  the  jettisoning  of  the  voltages  in 
integrators  and  schematic  is  ready  for  the  reception  of  the  following 
cell/element  of  signal. 

A 
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The  main  advantage  of  systems  with  resistive  load  is  comprised 
in  the  fact  that  the  rule  of  solution  (2.7.14)  does  not  depend  or,  *).-? 
transmission  factor  of  the  channel  of  communication/conneo +ion  m- 
Actually,  by  taking  into  account  relat  ionship/r  at  io  (2.7.13)  and  hy 
carrying  out  obvious  reductions,  the  rule  of  recording  the  r version 
of  signal  can  be  recorded  in  the  form 


~fx(t)zr{t)dt  > ~fx(t)z,(t)dt,  (2.7.15) 
'0  1 0 


with  r=/=l.  Hence  it  follows  that  in  systems  with  active  pause 

for  the  construction  of  the  optimum  according  to  Koteinikov  receiver 
does  not  need  a priori  knowledge  of  the  "scale"  of  the  expected 
signals,  and  is  necessary  only  the  knowledge  of  their  form. 


Of  course,  the  created  by  the  reference  oscillators  of  sensing 
transducer  must  strictly  coincide  in  form  with  the  expected  signal: 

2f(t) 

and  must  be  accurately  synchronized  with  them.  Howerver,  the  "scale" 
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of  the  signals  of  reference  oscillators  can  be  arbitrary,  convenient 
for  the  practical  realization  of  circuit  and,  by  certainly  identical 
for  all  reference  oscillators.  Page  92- 


ifx(t)zz(t)at 


x, 
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Key:  (1).  / input  x (t ) . (2).  Equi  pment/d  ev  ice  of  comparison.  (3) 

Solution.  Paqe  93. 


This  very  important  property  of  systems  with  active  pause  is  retained 
with  signal  fading  [36].  Subsequently,  if  this  is  not  specified 
especially,  we  will  examine  the  only  systems  with  active  pause.  Let 
us  note  that  the  realization  of  the  decisive  diagram  of  the  optimum 
receiver  on  multipliers  is  not  the  only  possible.  In  the  following 
paragraph  will  be  given  examples  of  the  decisive  diagrams, 
constructed  on  the  so-called  matched  filters. 


Further,  the  composite  probability  of  the  error  with 
piece-by- piece  reception  in  the  diagram  in  question  is  equal  to  [ in  ] 


P = Y(/h  + P2)=~[  1 -*>(/? /l-PlJ)].  (2.7.16) 


where 


= T 
• o 


•gr/zi  (0  MO  dt 


is  a coefficient  of  tie  cros; 
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spectral  density  of  fluctuating  interference; 


— fez dx  fs  an  integral  of  probability  or 

the  function  of  Crump;  this  integral  in  elementary  functions  is  not 
expressed;  however  for  it  are  comprised  detailed  tables  [3,  35  ]. 


As  can  be  seen  from  relationship/ratio  (2.7.16),  the  complete 
probability  of  error  in  the  case  in  question  it  depends,  in  the  first 
place,  on  the  ratio  of  the  energy  of  signal  to  the  spectral  density 
of  fluctuating  interference  and,  in  the  second  place,  on  the 
coefficient  of  the  cross  correlation  between  signals.  Therefore 
arises  the  question  concerning  how  one  should  select  the  form  of  the 
utilized  signals  in  order  at  the  assigned  value  h?  to  ensure  t he 

greatest  freedom  from  interference  (minimum  probability  of  error  p)  . 


Page  94 
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Since  <D(«)  is  the  monotonically  increasing  function  of  its  argumer.*, 
the  greatest  freedom  from  interference  is  reached  wh«*n  using  such 
signals,  with  which  p12  is  minimal. 


The  greatest  value  of  the  coefficient  of  the  correlation  of  plP 
equal  to  *1  is  reached  at  z,  (t ) = z,  (t)  . For  such  signals  we  Lav* 
<D(A  V 1— 1)  =0  and,  therefore,  the  probability  of  error  is 
always  equal  to  1/2.  In  this  finds  its  reflection  that  obvious  fact, 
that  identical  signals  cannot  be  distinguished.  The  minimum  value  o'" 
the  correlation  coefficient  equal  to  -1  is  reached  at  z,)  t)  - r? 

(t),  i.e.,  when  signals  they  differ  only  in  terms  of  sign.  In  o’li’r 
words,  in  this  case  the  harmonic  components  of  signal  z2  (t)  have  ♦ !.  ■ 
same  amplitudes  as  and  components  of  signal  z,  (t ) , but  their  phases 
are  shifted  by  angle  jr.  The  signals,  for  which  pi2  = 1,  were  call-d 
the  name  opposite.  For  such  signals  the  probability  of  orroi  is  *guil 


to 
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P 


(/**)]• 


(2.7.17) 


graph/diagram  of  the  dependence  of  the  probability  of  ^rror  p on 
value  h*  is  represented  in  Fig.  2.7.3  (curve  1).  Formula  (2/7/17) 
determines  (at  the  assigned  value  h?)  a maximally  possible  freedom 
from  interference  in  the  binary  transmission  system  of  discrete 
infor  mation. 


Thus,  the  greatest  freedom  from  interference  during  the 
transmission  of  discrete  information  possess  the  systems  of  coherent 
reception  with  opposite  signals,  which  obtained  the  name  of  systems 
with  phase  modulation  ( F M)  . By  the  simplest  example  of  this  system  is 
the  system,  in  which  are  utilized  the  signals  of  the  form 


r 
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Zj  (t)  = A cos  (a>f  4-  <?)'  h 
za  (()  = — A cos  («rf  + ?)  = A cos  (o)f  + ip  + *). 

The  advantages  of  phase  modulation  for  the  transmission  of  discrete 
information  were  known  even  in  the  beginning  of  thirtieth  years. 

However,  practical  use  FM  long  time  blocked  the  phenomenon  of  + ho 
spontaneous  jump/migration  of  the  phase  of  the  voltage  in  tie 
reference  oscillator  of  receptor,  which  brought  to  the  so-called 
"reverse/inverse"  work,  by  which  the  symbols  "0"  are  accepted  as  " 1" 
and  vice  versa. 

Page  95. 

The  qualitative  change  began  in  the  beginning  of  the  fiftieth  years, 
when  prof.  Petrovich  n.  T.  proposed  relative  phase,  or  as  i*  still 
call,  phase-difference  modulation  (FRM)  , free  from  the  indicated 
deficiency/lack  and  which  possesses  virtually  such  high  freedom  Iron 
interference,  as  FM. 


PAGE 


L 


DOC  = 77080122 


PAGE 


\ 


With  FRM  tha  transmitted  information  is  embedded  not  it.  the  very 
value  of  the  phase  of  the  transmitted  cell/element  of  siqnal,  but  ir 
a phase  difference  of  datum  and  preceding/previous  cel 1 /el emen t s.  For 
a binary  system  PR  H this  phase  difference  can  take  values  0 and  n . 
Then  for  the  transmission,  for  example,  of  symbol  Yt  is  Emitted  the 
cell/element  of  tire  signal  whose  phase  coincides  with  the  phas^>  of 
the  preceding/previous  cell/element,  and  for  transmission  Y?  - 
cell/element  with  the  phase,  to  the  opposite  phase  of  the 
preceding/previous  cell/element  and,  etc. 


At  present  the  systems  from  F RM  are  very  promising  for  the 
transmission  of  discrete  information.  The  detailed  informition  about 
the  potential  possibilities  of  such  systems,  about  the  realization 
principles  of  the  construction  of  their  equipment,  about  tho  newest 
developments  of  Soviet  and  foreign  communicating  systems  with  FRM  the 
reader  will  find  in  work  f 14], 
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Besides  systems  with  opposite  signals  practical  interest  are  of 
the  systems  of  coherent  reception  with  the  so-called  orthogonal 
signals.  In  such  systems  signals  z,  (t)  and  z2  (t)  satisfy  t h'-* 
condition  of  orthogonality  under  range  from  0 to  T: 


/z,  (O  zj  (f)  dt—0.  (2.7.18) 

0 


Condition  (2*7.18)  is  satisfied,  for  example,  for  a system  with 
the  frequency  shift  keying,  which  uses  the  signals 

Zi  (t)  = A cos  (k,u0t**)  and 
z2  (t.)  = A cos  (k2  u„t  +*)  , 
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where  u>0  = 2r/T. 


Froir  relationship/ratio  (2.7.18)  it  follows  that  when  using 
orthogonal  signals  the  coefficient  of  their  cross  correlation  of  p, 
is  equal  to  0.  Then  expression  for  for  probability  error  assumes  th 
form 


P = y[l— ,p(*)J.  ' (2.7.19) 


Dependence  of  probability  of  error  p as  a function  of  h?  is 
represented  in  Fig.  2.7.3  (curve  2).  From  the  comparison  of 
relationship/ratios  (2.7.17)  and  (2.7.19)  it  is  evident  that  for 
opposite  signals  is  provided  the  higher  freedom  from  interference, 
than  for  orthogonal.  Moreover  for  achievement  to  one  and  the  same 
probability  of  error  (reliability  of  reception)  in  system  with 
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opposite  signals  is  necessary  two  times  the  smaller  power  of 
transmitter,  other  conditions  being  equal,  than  under  system  with 
orthogonal  signals. 

Optimum  decisive  diagram  for  signals  with  random  initial  phase 
(incoherent  reception).  In  practice  frequently  are  encountered  the 
cases,  when  to  define  the  values  of  the  initial  phase  is  impossible, 
since  its  indeterminancy/uncertaint.y  can  be  caused  both  conditions  >: 
signal  conditioning  under  transmitter  and  by  the  sufficiently  rapid 
changes  in  the  state  of  the  channels  of  propagation.  On  the  o+hor 
hand,  the  determination  of  the  values  of  the  initial  phase  not  is 

always  expedient,  since  expenditures  on  the  system  of  a precise 
tuning  of  phase  can  not  justify  the  obtained  increase  reliability  of 
reception. 


Page  97. 

In  a number  of  cases  economically  it  is  more  profitable  to  obtain  Mie 
same  increase  in  reliability  by  means  of  an  increase  in  the  power  of 
transmitted  signal  [36].  Communicating  system,  consider  the  a priori 
information  about  the  initial  phase  during  processing  receive! 
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signal,  were  called  the  name  the  systems  cf  incoherent  reception. 
Their  advantage  in  the  fact  that  with  sufficiently  high  requirements 
for  the  authenticity  of  reception  they  provide,  as  will  he  shown 
below,  relatively  small  energy  loss  in  comparison  with  th?  systems  of 
coherent  reception.  At  the  same  time  such  systems  can  be  simpler 
realized. 


For  signals  with  active  pause  and  the  indefinite  initial  phase 
recording  condition  under  the  receptor  of  signals  zx  (t)  and  za  (*) 
assumes  the  form 


V 2 > V,,  is  accepted  z2 


V,  > V 2 , is  accepted  zx 


Here 


r l7  [/  x(flzr(f)</tJ+  / x(t)z’(t)dt  " (2.7.21) 


Vr=V  X2'+X?  = 
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is  a value  envelope  short-term  crosscorrelation  function  between 
received  signal  x (t)  and  the  expected  signal  pzr(/),  at  the  moment 

of  time  T;  z,’  (t)  is  the  signal,  con  jugate/comb  ired  with  zr(/) 
according  to  gilbert  (him  it  is  possible  to  obtain  from  ?r(t)  by  the 
path  the  phase  displacement  of  all  harmonic  components  to  angle  n /?)  . 

This  rule  of  the  solution  again  tells  about  in  the  fac*-  that  the 
optimum  receiver  ror  signals  with  indefinite  initial  phase  also  must 
be  mutually  correlated  type  receiver.  Moreover  for  recording  t ho 
taken  signals  in  it  must  be  calculated  the  values  envelop?  short-term 
crosscorrelation  function  K,  by  specific  relationship  (2.7.21). 


A 


The  decisive  schematic  of  the  receptor,  which  works  in 
accordance  with  rule  (2-7.20),  can  be  constructed  in  the  manner  ♦hat 
this  is  shown  in  Fiq.  2.7.4.  It  contains  two  reference  oscillators, 
that  reproduce  the  form  of  the  expected  signals  z,  (t)  and  z?  (t) 
with  an  accuracy  to  the  phase  of  high-frequency  filling. 

Page  9P. 

Let  us  note  that  the  "scale"  of  the  signals  of  reference  oscillators 
both;  and  in  diagram  in  Fig.  2.7.2,  can  be  arbitrary,  but 
compulsorily  identical  for  both  generators.  The  output  voltages  of 
reference  oscillators  enter  two  pairs  of  multipliers  either  directly 
or  through  phase  inverters  (FV)  angle  of  90°.  At  the  output/yield  ot 
each  phase  inverter  by  means  of  the  rotation  of  the  phases  of  all 
harmonic  components  of  the  initial  signal  zr(t ) are  formed  th~> 
signals  z‘,  (t),  con  jugate/combined  with  initial  according  to  gill  or*. 
Voltages  from  the  output/yield  of  each  multiplier  are  integrated,  as 
a result  of  which  are  formed  the  voltages,  proportional  to  values  Xr 
and  Xr  ■ These  voltages  enter  the  nonlinear  equipment/devices  with 
square-law  characteristics  (square  law  detectors),  and  then  the 
schematics  of  addition.  After  the  addition  of  values  -Yjf  and  X '/  ar° 
formed  the  voltages,  proportional  to  values  V?  . 
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Key:  (1).  Square  law  detector.  (2).  Reference  oscillator.  (1).  P has^ 

inverter  ir/2.  (4).  Is  accepted  zt  (t ) if  V2  < V,.  (5).  Comparison 

device.  (6).  Input  / x (t).  Paqe  99. 


These  voltages  enter  then  into  equipment/device  of  the  comparison,  in 
which  at  the  torque/inomen  t of  the  termination  of  the  element  of 
signal  t = T conducts  the  reading  and  the  comparison  of  values  V,  . At 
the  output/yield  of  equipment/device  of  comparison  is  accepted  the 
solution  to  recording  that  signal  (z,  (t)  or  z2  (t)  ) , for  which  the 

voltage  Vr  is  more.  Another  version  of  the  realization  of  rul^ 

(2.7.20),  based  on  the  application/use  of  matched  filters,  is  brought 
in  §2.8. 


Let  us  examine  briefly  the  question  concerning  the  composite 
probability  of  the  error  of  piece- by- piece  reception  in  liaqraai  in 
Fig.  2.7.4.  As  it  follows  from  relationship/ratio  (2.7.20)  , th*1 
probability  of  error  pj  during  the  transmission  of  siqnal  z,  ( t ) is 
equal  to  the  probability  of  the  fulfillment  of  inequality  V2  > V,, 
and  the  probability  of  error  p2  during  the  transmission  of  signal  z? 
(t)  - the  probability  of  the  fulfillment  of  inequality  V2  < V, . the 
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composite  probability  of  the  error 


P = j{P\  + Pi) 


was  obtained  and  investigated  in  work  f36],  dust  as  in  tha  case  ol 
coherent  reception,  it  finds  to  be  dependent  on  value  h ? - ratio  of 
the  energy  of  the  c ell/el ement  of  signal  to  the  spectral  density  or 
fluctuating  interference  and  on  a difference  in  the  forms,  utilized 
for  the  transmission  of  the  information  of  signals.  In  this  case  for 
the  assigned  value  h*  by  the  greatest  freedom  from  interference 
(inequality  (2.7.20)  are  fulfilled  most  "strongly")  thev  possess  tho 
systems,  in  which  the  utilized  signals  zr(l)  are  mutually  orthogonal 
with  any  phase  displacement  of  one  of  them,  i.e.. 
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f/Mf)  Z/W  dt  = 0; 
1 0 

~/2r{t)z,  (t)dt  = 0 

• n 


(2.7.22) 


for  all  r=£/.  Such  signals  were  called  name  "orthogonal  Ln  tho 

intensive  sense"  [36]. 


As  examples  of  systems  with  orthogonal  in  the  intensive  sense 
signals  can  serve  thp  systems  of  frequency  telegraphy  (ChT) , of 
system,  in  which  different  symbols  transmit  by  the  mutually  being 
noninterrupted  in  time  momentum/impulse/pulses,  etc. 


DOC  = 77090122 


PAGE  /C  g 

mLHUJrn.nL  IIMU1LK  EBET7090122  } CWrH  / UltGLA  X 


■W^/aT  77  012  2' 


■ d»^» 


«UBJfTTTOPE  214l>* 


Page  100. 


For  the  optimum  binary  system  of  incoherent  reception,  whirl 
works  in  accordance  with  rule  (2.7.20)  and  which  uses  orthogonal 
the  intensive  sense  signals,  the  composite  probability  of  error  i 
egual  to  [ 36 ] 


P~T  e 


A' 

2 


(2.7.23) 
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This  expression  determines  the  potential  interference  rejection  of 
the  binary  systems  of  incoherent  reception.  The  dependence  of  the 
probability  of  error  p on  value  h2  is  represented  in  Fig.  2.7.  1 
(curve  3).  From  the  figure  one  can  see  that  the 

indet orminancy/unc erta int y of  phase  com  fa ra ti vely  little  decreases 
the  freedom  from  interference  of  systems  with  active  pause. 


Energy  loss  upon  transition  from  coherent  recept ion  (curv*  2)  to 
incoherent  for  sufficiently  high  requirements  fcr  the  authenticity  of 
reception  (p  = 10“*-10"S)  does  not  exceed  15o/o  (1  dP). 

In  conclusion  let  us  note  that  in  this  paragraph  th?  princit  1k- 
presented  are  base  for  the  construction  of  the  optimum  broadband 
transmission  systems  of  discrete  information. 
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§2.8.  Concept  of  latched  filter.  Optimum  schematics  of  coherent  and 
incoherent  reception  on  matched  filters. 


The  examined  in  the  preceding/previous  paragraph  optimum 
decisive  schematics  of  coherent  and  incoherent  reception  can  he 
realized  not  only  on  correlators  with  multipliers,  but  also  on 

correlators  in  the  form  of  the  filters  whose  character ist ior  are 
agreed  in  the  best  way  with  the  characteristics  of  the  adontei 

against  the  background  interferences  of  signals.  In  the  literature 
such  filters  were  called  the  name  matched. 

Po.  op  redel  en  i h , if  zr(t)  be  the  signal,  taken  against  the 
background  of  white  noise,  then  matched  filter  for  this  siqnal  is 
called  the  linear  filter,  which  has  pulse  response  [ S,  23]: 

G(t)  = azr(t0  — t),  (2.8.1) 

where  a are  certain  constant,  equal  to  the  maximum  amplification  of 

f ilter; 
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t0  - the  fixed/recorded  moment  of  time,  with  which  is  observed 
the  signal  at  the  output/yield  of  filter. 


Page  101. 


From  relationship/ratio  (2.8.1)  it  is  evident  that  the  pulse 
response  of  the  filter,  matched  with  signal  zr(t),  differs  from  the 
function,  which  describes  this  signal,  only  in  terms  of  constant 
coefficient  a,  by  displacement  in  time  for  value  t0  and  by  the  sign 

of  the  argument  of  time  t.  Emphasizing  the  latter  fact,  they  say  that 
the  pulse  response  of  matched  filter  is  mirror  reflection  relative  to 
axis  t0  the  function  zr(t),  which  determines  the  instantaneous  values 
of  signal. 


In  order  to  visualize  function  G <t)  , let  us  turn  to  Fig.  by 
2.8.1,  in  which  is  shown  the  signal  zr(t).  It  is  obvious  that  the 
function  zr(/ — 10),  shown  by  dotted  line,  delays  with  respect  t o 
signal  for  a period  t0.  Function  *r(fo  — 0 is  mirror  by  it  wi*h 
respect  to  axis  t0.  After  multiplying  zr(/o  — /)  to  factor  of 
proportionality  s (in  figure  a =1),  we  will  obtain  pulse  response 
(2.8.  1)  . 
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Very  frequently  in  the  literature  is  encountered  th? 
determination  of  matched  filter,  datum  with  the  aid  of  spectral 
representations.  Let  Sr( «)  and  <pr(o>)  be  amplitude  an!  phase  sp>'c*ra 
of  signal  zP(0  respectively,  and  X.  (u)  and  # (u)  - the 
amplitude-frequency  and  pha se- frequency  response  of  linear  filler. 
Then  the  filter,  matched  with  signal  zr(/),  is  called  the  filter, 
amplitude-frequency  and  phase- frequency  responses  of  which  ar° 
determined  by  the  relationship/ratios: 


K(u>)  = aS,(i o);  (2.8.2) 

?W  = — [?,W  + *(0]'  (2.8.3) 
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In  other  words,  the  frequency  characteristics  of  this  filter  with  an 
accuracy  to  the  constant  amplitude  factor  a and  the  constant  delay  * 
completely  are  defined  by  the  spectral  characteristics  of  signal, 
i.e.,  as  "are  agreed"  with  it.  of  course,  determinations  (2.9.2), 


(2.8.3)  and  (2.8.1)  are  equivalent.  The  proof  cf  this  position  can  ( 
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found  in  works  [5,  b,  23]. 


Matched  filters  possess  the  following  important  properties. 


1-  Among  all  possible  linear  filters  the  matched  filter  provides 
at  output/yield  (at  the  moment  of  time  t = t0)  the  greatest  rafio  of 
the  peak  value  of  signal  to  the  RMS  value  of  white  noise.  This 
relation  is  proportional  h = ^/~ HaT.'  It  is  determined  only  hy  energy 
of  signal  PCT,  by  spectral  noise  density  v2  and  in  no  way  depends  on 
the  form  of  the  utilized  signal  (duration  of  signal,  the  width  of  *!.e 
spectrum  or  from  any  other  special  feature/peculiarities  oc 
structure),  which  is  very  important  for  applying  broadband  noise-like 
signa  Is. 


Omitting  the  simple  formal  proof  of  this  property,  which  can  Ir 
found,  for  example,  in  [5,  23],  let  us  examine  its  physical 
interpretation.  In  connection  with  the  fact  that  the  phase- frequency 

response  of  matched  filter  satisfies  relationship/rat io  (2.«.d),  all 
harmonic  components  of  signal  zr(t)  at  the  output/yield  of  this 

filter  have  at  the  moment  of  time  t = tn  one  and  the  same  phase,  as  i 
result  of  which  occtrs  the  arithmetical  addition  of  thair  amplitudes. 
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Actually,  the  component  of  the  signal  cf  frequency  u>  at  certain 
moment  of  time  t has  the  following  resultant  phase  in  the 
output/yield  of  the  filter: 


6(t)  — tot  + fr  (<o)  + <a(io)  = a it  , (a))  — 

— 9r  (“)  — I0tt  = «)  (t  — 10).  (2.8.4) 

With  t = t0,  independent  of  frequency  0 (t)  = 0.  Consequently,  at 
this  moment  of  time  the  harmonic  components  of  signal  are  accumulated 
in  phase  and  form  peak  overshoot  (Fig.  2.8.2). 


Page  103. 


Harmonically  the  components  of  white  noise,  which  have  random  phases 
(see  §2.6) , crossing  the  matched  filter,  also  will  be  ohtaineu  the 
phase  shifts  * (u)  * - (<pr(to)+a >/0],  which,  however,  will  not  change 
their  random  character.  Because  of  this  the  result  of  the  addition  of 
the  components  of  noise  at  torque/moment  t0  at  the  output/yield  of 
filter  will  be  random  with  by  the  negligible  probability  of  the  tact 
that  they  will  be  formed  in  phase.  The  effect  of  matched  filter  on 
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the  amplitudes  of  the  components  of  signal  and  noise  completely  is 

determined  by  the  a mpl  itude-  f r egu  ency  characteristic  of  filter 
(2.8.2) , repeating  the  amplitude  spectrum  of  signal.  Because  of  this 
the  filter  provides  the  best  isolation/libera ticn  of  the  most  irt^rse 
regions  of  the  spectrum  of  signal,  and  weak  regions  of  the  spectrum 
it  attenuate/weakens,  whereupon  the  weakening  the  greater,  the  lesser 
the  intensity  of  the  corresponding  component.  Filter  as  "emphasizes" 
those  components,  which  most  strongly  affect  the  peak  value  output 
the  voltage  of  signal.  The  weakening  of  noise  spectrum,  uniform  at 
the  input  of  filter,  is  observed  at  all  frequencies,  with  the 
exception  only  those,  that  correspond  to  the  maximums  of  the  spectrum 
of  signal.  Thus,  the  frequency  characteristic  of  matched  filter 
provides  the  maximum  possible  sign al-t o-no ise  ratio  at  output/ yield . 


2.  As  noted,  the  maximum  signal  level  is  reached  on  output  of 
matched  filter  at  the  moment  of  time  t = t0.  Value  t0  characterizes 
the  delay  time  in  the  signal  after  the  passage  of  matched  filler. 
From  formula  (2.8.2)  it  follows  that  t0  must  be  not  less  than  *he 
moment  of  time  T of  the  termination  o'  input  signal,  i.  e.  , 

V.  > T-  (2.8.5) 


Otherwise  the  optimum  filter  would  develop  cn  its  output/yiell 
voltage  even  before  to  its  input  into  torque/moment  t = 0 will  on ♦or 
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signal  >, 


FOOTNOTE  ».  Actually,  since  z,(0=o  with  t > T,  as  it  follows  from 
(2.8.1),  in  the  case  1 0 < T possible  it  would  be  C(()#0  with 

t < 0,  i.e.,  even  to  the  torque/moment  of  the  effect  of  input  signal. 
ENDFOOTNOTE. 


It  is  obvious  that  this  filter  virtually  could  not  be  carried  out.  In 
the  general  case  the  delay  time  t0  can  be  arbitrary,  provided  in  this 
case  was  satisfied  relationship/ratio  (2.8.5).  Usually  to  avoid  an 
excessive  signal  delay  at  the  output/yield  of  filter  and  for 
simplification  in  the  structure  of  the  matched  filter  they  select 


t0  = T. 


(2.8.6) 


3.  Matched  filter  possesses  the  property  of  invariance  relative 
to  amplitude,  temporary  situation  and  the  initial  phase  of  signal 
[23]-  This  means  that  independent  of  a delay  of  the  received  sianal 
in  the  transmission  channel  of  a chanqe  in  its  amplitude  and  initial 


phase  of  high-frequency  filling  of  the  characteristic  of  matched 
filter  they  do  not  change.  Actually,,  as  this  follows  from 
relationship/ratios  (2.8.2)  and  (2.8.3),  to  signal  that  which  is 
differing  from  datum  only  by  amplitude,  by  delay  and  the  initial 
phase,  will  correspond  the  only  another  values  constant  a and  t0 
without  a change  in  the  frequency  characteristics  of  matched  filter. 

The  property  of  invariance  has  great  practical  value.  Tn  the 
information  circuits  amplitude,  delay  and  the  initial  phase  of  the 

received  signal,  as  a rule,  are  subjected  to  random  changes.  However, 
instead  of  constructing  the  enormous  number  of  filters,  each  of  which 
would  be  agreed  with  the  signal,  having  the  determined  values  of 
amplitude,  delay  and  the  initial  phase,  sufficient,  to  construe4-  only 
one  filter,  matched  with  all  signals  of  this  form. 

4.  Finally,  the  remarkable  property  of  the  matched  with  siganl 

Zr(t) 

filter  lies  in  the  fact  that  this  filter  is  the  equipment /device, 
which  measures  the  crosscorrelation  function  between  received  signal 
x (t)  and  the  expected  signal  zr(0- 

I 


Page  105 
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Actually,  the  output  potential  of  any  linear  filter  at  certaii 
moment  of  time  t is  determined  according  to  superposition  theorem  by 
following  expression  [38]: 


u-«(0=  / uBX(t')G(t-[t')dt',  (2.8.7) 

— <50 


where  uBX(t)  is  input  voltage; 


G (t)  - the  pulse  response  of  filter. 


Then,  assuming  that  uBX(t)  there  is  received  signal  x (t.)  , and  also  by 
taking  into  account  relationship/ratio  (2.8.1)  and  (2. 9. 5),  v-'  will 
obtain  that  output  potential  of  the  matched  filter 


iw(0 


= a 


df. 


(2.8.8) 
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where  r = t - T. 

Comparing  this  expression  with  formula  (2.3.12),  we  comprise 
that  the  voltage  uBMX(0  differs  only  in  terms  of  constant  factor  a 
that  crosscorrelation  function  between  received  signal  x (t)  and  t).. 
expected  signal  zr(t).  The  difference  within  integration  limits  in 
formulas  (2.8.8)  and  (2.3.12)  does  not  have  a value,  since  the 
duration  of  received  signal  x (t ) is  limited  by  range  from  0 to  T and 
outside  this  interval  becomes  zero. 

Thus,  the  matched  with  the  expected  signal  zr(t)  filter  is 
completely  equivalent  to  the  correlator  of  Fig.  2.3.4a,  which 
measures  the  cr  053  cor  r e la  tion  function  of  processes  x (t)  and  zr(i). 
This  fact  has  great  practical  value,  since  it  shows  that  the 
schematics  of  the  optimum  receivers  can  be  constructed  also  on 
matched  filters.  Moreover  in  a number  of  cases  (especially  when  using 
broadband  signals  in  channels  with  multi-beam  characteristics)  such 
decisive  schematics  are  realized  considerably  simpler  than  on 
multipliers. 


The  expressed  positions  relative  to  the  properties  of  match*- 1 
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filter  can  be  illustrated  with  the  aid  cf  following  simple  example 


Page  106. 

Figure  2.8.3a  depicts  the  schematic  of  the  formation  ot  broadband 
signal,  which  contains  one  delay  line  in  removal/ outlets,  the 
dialiny/set  of  narrow- band  filters  w(,  <i>„  and  anplitudt 

corrector  Sr(co).  The  exciting  narrow  pulse  is  delayed  in  the 

removal/outlets  of  line  for  a period  tj,  T2 r„.  Then  from  i»s 

spectrum  in  each  removal/outlet  is  isolated  the  corresponding 
spectral  component  of  the  form/shaped  signal. 
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Key:  (1).  Delay  line.  (2).  Amplitude  corrector.  (3).  Delay  lino.  Page 

107. 

The  amplitudes  of  the  components  of  signal  A,,  A?,  ....  An  are 
form/shaped  with  the  dialing/set  of  amplitude  corrector’s  attenuators 
(attenuators)  *. 

FCCTNOTF  l.  Amplitude  corrector  can  be  carried  cut  also  in  the  form 
of  linear  filter  with  characteristic  S,(co).  ENDFOOTNOTE. 

The  formed  harmonic  components  of  signal  are  summarize!  in 
common/general/total  busbar  at  amplitude  corrector's  output/yield, 
forming  signal  zT(t).  Its  amplitude  spectrum  is  determine!  by 
corrector's  characteristic  Sr(«).  The  phase  spectrum  of  signal  <Pr(io) 
depends  on  the  selection  of  the  iritial  phases,  determined  by  delay 
factors  ti,  t2 t„.  Selecting  in  an  appropriate  manner  of  the 


value  of  amplitudes  An  and  of  delays  T".  it  is  possible  to  form 
broadband  signal  with  sufficiently  noise-like  structure. 
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It  is  not  difficult  to  see  that  the  diagram  in  Fig.  2.8.3a  is 
changed  form  version  examined  into  §1.1  the  diagrams  of  the  formation 
cf  broadband  signal  (see  Fig.  1.1.3),  if  we  in  the  latter  interchange 
the  position  filters  and  delay  lines. 

Let  us  examine,  as  must  be  constructed  the  matched  with,  signal 
zr(0  filter. 


First,  from  condition  (2.8.2),  set/assuaing  for  simplicity  a = 
1,  we  obtain,  that  the  a mpl itude- f re que rc y characteristic  of  filter 
coincides  with  the  amplitude  spectrum  of  signal  5r(o)).  Consequently, 
in  the  construction  of  filter  it  is  necessary  to  provide  the 

dialing/set  of  narrow- band  filters  tor  frequencies  <o,,  w2 «in  and 

amplitude  corrector,  analogous  to  the  corrector  of  shaper. 

In  the  second  place,  the  phase- frequency  response  of  filter 
differs  from  phase  spectrum  only  in  terms  of  sign.  Therefore  for  the 
synthesis  of  matched  filter  it  is  necessary  to  change  only  the  d* lav 
time  in  each  component  so  that  the  obtained  by  them  phase  shift;-. 


^ A 
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would  change  sign.  This  can  be  reached  with  the  aid  of  delay  line  in 
the  removal/outlets,  connected  "mirror"  with  respect  to  the  line  of 
shaper.  As  a result  the  matched  with  signal  filter  assumes  the  form 
cf  Fig.  2.8.3b.  The  delay  time  in  the  removal/outlets  tj,  t*. . . . , 
is  selected  so  that  is  satisfied  the  condition 


*1  + = *2  + = ...  = + f’n  = t0-  (2.8.9) 


Then  the  phases  of  all  harmonic  components  of  the  adopted  useful 
signal  pzr(0  are  formed  in  phase  in  the  output/yield  of  filter  a* 
the  »o«ent  of  time  t0. 

Page  108. 


With  satisfaction  of  condition  (2.8.6)  at  the  t or  gue/momen  t of  the 
termination  of  the  cell/element  of  signal  T is  provide!  the  ceiling 
voltage  of  useful  signal  and  the  maximum  excess  by  it  interference  c 
(t) . The  character  of  a change  in  the  output  voltage  of  filter 
according  to  (2.8.8)  r ef lect./represents  directly  in  time/temporary 


r 


k 
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scale  the  short-term  mutually  correlated  function  of  the  adopted  and 
"reference"  signals  x (t)  and  zr{t). 

Let  the  interference  E (t)  , which  enters  the  input  of  filter,  he 
so  small  that  it  can  be  disregarded,  i.e.',  x{t)^\nzr(t).  In  this 

case  on  the  basis  (2.8.8)  the  output  voltage  of  the  filter 

«W(0=«P  f Zr(t')z,(t-t+T)dt'.  (2.8.10) 


Whereas  it  follows  from  this  expression,  voltage  uBhlx(t)  maps  into 
time  the  short-term  autocorrelation  function  of  the  useful  signal.  In 
ether  words,  matched  filter  transformed  signal  into  its  short-term 

autocorrelation  function.  If  the  amplitudes  of  harmonic  components 

A],  A2,  • • •)  An 

are  approximately  identical,  and  frequencies  wi.  w»  are 

selected  different  and  multiple  u0  = 2*/T,  voltage  at  the 

output/yield  of  filter  it  coincides  with  correlation  function 
(2.5.9).  Its  change  in  time  is  shown  in  Fig.  2.8.4.  As  can  be  seen 
from  figure,  output  potential  of  filter  has  the  oscillatory  character 
with  equal  in  medium  frequency  the  to  spectrum  of  signal  MO.  and  as 
the  slowly  being  changed  envelope.  The  maximum  ceiling  voltage  occurs 
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in  range  t 1/F  relative  to  the  torque/mcment  of  the  termination  of 
signal.  At  the  moment  of  time  the  reception  of  the  subsequent 
cell/element  of  signal  at  the  output/yield  of  filter  there  is  no 
voltage,  caused  by  the  preceding/previous  cell/elements  of  signal. 

Let  us  define  as  one  should  construct  the  diagrams  of  the 
examined  in  the  preceding/previous  paragraph  optimum  receivers, 
utilizing  matched  filters.  Page  109. 
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Since  zr(t)  is  identically  equal  to  zero  with  t < 0 and  t >,  T,  of 
(2.8.8)  it  follows  that  the  output  potential  of  matched  filter  at  the 
torque/moment  of  the  termination  of  the  cell/element  of  signal  T 

u.«i,(7')  = a f x(t)zr(t)dt=  -X,  (2.8.11) 

o t1 

and  with  an  accuracy  to  the  constant  factor  a/p  coincides  with  the 
value  of  short-term  crosscorrelation  function  Xr  between  received 
signal  x (t)  and  the  expected  signal  |.izr(/).  Therefore  in  the  case  of 
the  coherent  reception  of  signals  with  active  pause  the  decisive 
diagram  of  the  optimum  receiver  assumes  the  form,  shown  in  Fig.  2.0.5 
(compare  with  Fig.  2.7.2).  Received  signal  x (t)  enters  th«  matched 
with  signals  zx  (t)  and  z2  (t)  filters. 


The  voltages  from  the  output/yield  of  matched  filters  at  th“ 
torque/moment  of  reading  t = T enter  the  equipment/devica  of  the 
comparison,  which  selects  that  signal  zr(0.  for  which  obtained 
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greatest  voltage.  It  is  obvious  that  this  diagram  realizes  the  rib^e 

of  solution  (2.7.14)  and  the  probability  of  the  error  in  it  is 
determined  by  relationship/ratios  (2.7.17)  and  (2.7.19)  for  opposite 
and  orthogonal  signals  respectively.  In  this  case  just  as  for  a 
circuit  on  multipliers,  in  the  case  of  using  signals  with  active 
pause  the  "scale"  of  the  output  voltages  of  filters,  determined  by 
factor  a/p,  can  be  arbitrary,  convenient  for  a practical  realization 
and  identical  for  both  matched  filters. 


Fig.  2.8.5. 


Key:  (1).  Hatched  filter  zt  (t)  . (2).  Eguipment/device  of  comparison. 

(3).  Heading.  (4).  x (t)  / input.  (5).  Solution.  Page  111. 


Let  us  note,  that  even  so  at  the  torque/moment  of  time  T of  t!  <> 
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output  potential  of  matched  filter  and  on  the  output/yield  of 
correlator  with  multiplier  they  coincide  with  an  accuracy  to  constant 
factor  however  for  the  moments  of  time  t < T these  diagrams  give 


substantially  different  voltages.  Figure  2.8.6  shows  the 

exemplary/approximate  form  cf  voltage  from  broadband  sicinal  on  th» 

output/yield  of  correlator  with  multiplier.  As  can  be  seen  from 

figure,  this  voltage  is  the  monotonical ly  growing  from  zero  to 

function.  Voltage  on  the  output/yield  of  matched  filter  is  * he 

oscillatory  function  (see  Fig.  2.8.4)  with  the  amplitude,  which  grows 

from  zero  to  — Xr 
n 


As  a result  of  the  oscillating  character  of  the  output  voltage 
of  the  matched  filter  of  requirement  fcr  accuracy  of  reading 
(synchronization  of  reading)  in  diagram  in  Fig.  2.8.5  significantly 
higher  than  in  diagram  in  Fig.  2.7.2.  In  diagram  with  matched  filters 
the  permissible  displacement  of  fiducial  mark  must  bo  much  less  than 

the  period  of  high-frequency  oscillation,  i.e.,  is  much  less  than 

* 1 

value  2»/Ku0  (in  the  general  case  much  less  than  value  — , where  fcp 

lev 

is  the  medium  frequency  of  the  spectrum  of  signal).  Otherwise  is 
possible  large  error  and  even  a sign  change  of  output  voltage.  In 
diagram  on  multipliers  are  permissible  the  considerably  greater 
displacement  of  fiducial  mark,  provided  they  remained  much  less  than 
the  duration  of  the  cell/element  of  signal  T. 
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8 Fig.  2.8.6.  Page  112. 


However,  when  using  a coherent  reception  *his  special 
feature/peculiarity  of  diagrams  on  multipliers  is  unessential,  sinct 
in  such  diagrams  are  presented  very  stringent  requirements  tor  the 


accuracy  of  the  sy nchronization  of  received  signal  with  reference 
oscillators  (also  order  2»/Ku>0).  Requirements  for  synchronization 
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(either  reading  or  reference  oscillators)  can  be  considerably  low  r-  1 

’•  1 

when  using  circuits  of  incoherent  reception  [36]. 


The  use  of  matched  filters  in  the  diagrams  of  incoherent 
reception  is  based  on  the  isol at  ion/ li her at io n cf  the  envelope  of 
output  potential  of  filter.  If  uBbI1(/)  is  an  instantaneous  val  u>  of 
the  output  voltage  of  filter  at  the  aowent  of  time  0 t ^ T,  +hcn 
the  envelope  £BUX(0  of  this  voltage  is  equal  tc 


£.hx  (t)  — V uLx  (()  + ullx  (t),  (2.8. 12) 

where  u\ux(t)  is  the  function,  con  jugat  e/combined  according  to 
gilbert  with  uBblt(t).  It  is  possible  to  slow  (for  example,  see  [36  1), 

that  the  value  of  envelope  at  the  moment  of  time  t = T with  an 
accuracy  to  constant  factor  coincides  with  value  Vr,  by  specific 
relationship  (2.7.21),  i.e., 

£mx  (T)  = kEVr  (2.8.13) 

where  kK  - certain  constant  coefficient. 


Then  the  optimum  decisive  diagram  of  incoherent  reception 
assumes  the  form,  presented  in  Fig.  2-8.7-  Received  signal  x (t) 
enters  the  matched  with  signals  zY  (t)  and  z2  (t)  filters,  output 
voltages  of  which  pass  through  the  squaring  equipment/devices  (square- 
law  detectors).  At  the  torque/moment  of  reading  T of  the  voltage  from 
the  output/yield  of  detectors,  proportional  to  values  V?  and  V*,  ar*3 
introduced  into  eg uipment/d evi ce  of  the  comparison,  which  selects 
that  signal,  for  which  obtained  larger  voltage.  The  probability  of 
the  error  of  piece- by- piece  reception  in  this  diagram  when  using 
orthogonal  in  the  intensive  sense  signals  is  determined  by 
relationship/ratio  (2.7.23).  As  concerns  requirement  for  accuracy  of 
reading,  preliminarily  let  us  note  that  in  diaqram  in  Fig.  2.8.7 
permissible  displacement  of  fiducial  mark  must  be  much  less  than 
value  1/F,  where  F is  the  conditional  frequency  band,  occupied  by 
signal.  For  the  utilized  broadband  signals  always  is  fulfilled  th<"> 
inequality 

■ (2'814) 
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Therefore  in  the  diagrams  of  the  incoherent  reception  of  requirement 
for  the  synchronization  of  reading  it  is  considerably  easier  than 

with  coherent  recaption.  In  more  detail  this  question  is  examined  in 
chapter  3. 


U>  Avl 


Fig.  2.8.7. 


Key:  (1).  Matched  filters.  (2).  Quadratic  detectors.  (3). 

Fquipment/device  of  comparison.  (4).  Reading.  (5).  Solution. 
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§2.9.  Fundamental  cell/element s of  correlators  in  the  systems  of 
broad  ban  d coumunica  ti  on/connect  ion. 


In  the  preceding/previous  paragraphs  it  was 
es ta b 1 ished /i ns ta 1 1 ed  that  the  correlators  of  the  receivers  ot 
broadband  communicating  systems  are  the  multiplying,  retarding  and 
integrating  eguipme nt/d e vices.  Furthermore,  the  necessary  elements 


> 
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the  decisive  networks  can  be  the  summing  and  sufctractocs,  which  forir 
part,  for  example,  comparison  circuit. 

In  the  present  paragraph  is  given  the  concept  of  operating 
principle,  the  possible  diagrams  and  the  construction  ot  such 
equipment/devices.  The  more  detailed  study  of  these  problems  cap.  be 
found  in  works  [21,  23  and,  etc]. 


Multiplying  equipment/devices  of  correlators.  The  problem  of  the 
multiplying  equipment/device  (multiplier)  is  the  format  ion/t ducat  ion 
of  the  product  of  two  input  signals,  i.e.,  obtaining  the  output- 
voltage,  instantaneous  values  of  which  are  proportional  to  * h« 
product  of  the  instantaneous  values  of  two  cond  uc  ted/suppl  i«  1 to  i*s 
input  tensions.  In  mutually  correlated  systems  as  output  voltages  are 
adopted  x (t)  and  supporting/reference  i ■ rct:)  the  signals.  Tn 
autocorrelation  systems  (see  Chapter  4)  multiplier  must  form  product 
undelayed  x (t)  and  delayed  by  the  determ ined  time  x (t-r)  of 
signals. 


Is  known  at  present  the  large  number  ot  versions  of  the 


schematics  of  the  multiplying  equipment/devices.  However 


the  work  of 
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all  them  id  based  on  the  multiplication  of  input  voltage  either  with 

the  aid  of  the  special  cell/eleaent s,  which  possess  the  physical 
effect  of  multiplication  or  with  the  aid  of  elect ron-tu be  or 

transistor  diagrams.  Accordingly,  are  distinguished  the 
direct/straight  and  indirect  methods  of  multiplication.  Direct 

methods  utilize  the  physical  effects,  proportional  to  the  product  of 
two  measured  values. 


Page  114. 


They  can  be  based,  for  example,  on  the  application/use  of  the  Hall 
effect. 

The  essence  of  the  Hall  effect  consists  of  the  following  (Fig. 
2.9.1).  Let  current  I (t)  , that  takes  place  through  the  cross  section 
of  fine/thin  metallic  plate,  be  proportional  to  input  voltage  x (t), 

and  magnetic  field  H ( t.)  , perpendicular  to  the  conducting  plate,  over 
which  cccur/f low/la sts  the  current,  it  is  proportional  to  the  voltage 
of  reference  signal  Then  in  the  direction,  perpand icul ar  to 

direction  of  flow  and  magnetic  field,  appears  the  so-called  Hall 
voltage,  proportional  to  product  I (t)  H (t)  and,  consequent lv , also 
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As  the  material  of  the  conducting  plate  can  be  used  bismuth,  silicon, 
tellurium  or  semiconductor.  Magnetic  field  is  created  by  coils 
air-ccred  . 


The  advantage  of  the  direct  methods  of  multiplication  is  the 
fact  that  they  make  it  possible  to  directly  obtain  the  unknown 
product.  The  accuracy  of  the  work  of  direct/straight  multipliers  is 

very  high.  The  divergence  of  the  resulting  stress  from  the  product 
input  can  not  exceed  1-2o/o.  A def iciency/lack  in  such  multipliers  is 
large  volume  of  expenditure  on  accessory  equipment  (electric  power 
supply,  supplementary  amplifiers).  Therefore  the  direct  methois  of 
multiplication  wide  acceptance  were  not  received. 


An  at  present  preferred  use  find  the  indirect  methods  of  the 
multiplications,  with  which  the  product  of  input  voltage  is  obtained 
because  of  the  formation/education  from  them  of  the  corresponding 
sums  and  differences.  Such  multipliers  are  constructed  for  circui^r 
by  the  use  of  electron  tubes  or  transistors  and  require  smaller 
expenditures.  Although  the  accuracy  of  the  indirect  methods  somewhat 
lower  than  of  straight  lines  ones  however  tor  practical 
target/purposes  it  turns  out  to  be  completely  sufficient.. 
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From  such  multipliers  it  is  possible  tc  note  the  multipliers,  vhich 
wcrk  cn  so-called  quarter  root- mean-square  method  f 21  ],  i.e.,  in 
accordance  with  the  algebraic  formula 

xz  = \ K*  + — (*  — *)*].  (2.9.1) 

where  x and  z - input  voltage. 

The  functional  diagram  of  the  multiplier,  which  realizes  this 
formula,  is  represented  in  Fig.  2.9.2.  As  can  be  seen  from  f inure, 
the  product  of  input  voltage  x (t)  and  ~Z  (t)  is  obtained  by  the 
formation/education  of  sums  and  differences  in  them  with  the 
subsequent  quadrature  and  the  secondary  subtraction.  The  special 
feature/peculiarities  of  the  construction  of  the  summing  and 
subtractors  are  examined  below.  The  squaring  equipment /dev  ices  in 
diagram  can  be  carried  out  cn  electron  tubes  or  the  semiconductor 
diodes,  which  have  approximately  square-law  characteristics.  A 
deficiency/lack  in  the  diagram  in  Fig.  2.9.2  is  the  presence  of  + wo 
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squaring  cascade/stages,  which  leads  tc  certain  of  its  complication. 
Furthermore,  the  characteristic  of  any  electron  tub®  is  not  s+rictly 
quadratic.  Therefore  for  a decrease  in  the  error  in  the  work  of 
circuit  it  is  necessary  to  complicate  the  construction  of  most 
squaring  equipment/devices.  A very  interesting  example  of  simnle 
indirect  multiplier  is  the  diagram,  published  in  work  ^48].  It  is 
represented  in  Fig.  2.9.3a.  The  operating  principle  of  this 
multiplier  can  be  explained  with  the  aid  of  the  simplified  equivalent 
diagram  in  Fig.  2.9.3b.  Under  the  action  of  the  applied  input  volta.' 
x (t)  through  tubes  Jl,  and  Jl2  occur/flow/last  currents  it  = i0/2  (1  ♦ 

0 

ax)  and  t2  = i0/2  (1  - ax),  where  i0  is  a cathode  current  Jll  and  Jl7\ 
a is  the  constant  coefficient  of  proportionality,  determined  hv  the 
mutual  conductance  of  these  tubes.  Cathode  currents  Jl 3 and  J7s  under 

the  action  of  input  voltage  are  equal  to  i3  = i,/2  (1  ♦ 5z) 

and  i5  = i2/2  (1  - bz) , where  b is  the  constant  coefficient, 
determined  by  slope/tra  nsconductance  ~fl3  and*/7s.  Then  taking  into 
account  values  it  and  i2  we  obtain  that 


h = ~~  (1  + ox)  (I  + bz)  = — (1  + ax  4-  bz  -f  abxz)\ 

. 

*5  = ~ (1  — ox)  (1  — bz)  = “ (I  — ax  — bz  f abxz). 
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Key:  (1).  Adder.  (2).  Squaring  equi  pment/device.  (3).  Subtractor. 

(4).  Output/yield.  (5).  Subtractor.  (6).  Squaring  equipment/device. 
Page  116. 
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Ff  ^ . 2,  '9 '3  , 

Key:  (1).  V.  (2).  kQ/i?.  (3).  k (?.  (h).  Put put/y iel d.  (5).  Input-.  (I), 

ohm.  Paye  1 1 7. 


Cathode  current  J]T  is  equal  to  the  sum  of  these  currents: 


h = ‘3  4-  <5  = — (1  + abxz). 


Analogously  discussing,  it  is  possible  to  show  that 


^8  — + U — ~ (I  — abxz). 


A difference  in  currents  i7  and  ie  gives 
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17  — ig  = igabxz. 

Thus,  in  comraon/g en oral /total  anode  circuit^*  aril  J7„  will  1' 

isolated  the  output  voltage,  proportional  tc  product  x (t)  z , (tj. 
According  to  the  data  [48]  this  multiplier  works  in  th»  v?rv  wi1' 
frequency  band  of  input  voltaqe  from  0 to  2 NHz  with  the  s u f t i r in-.  + 1 • 
high  accuracy  of  multiplication  (order  1-2o/o). 

Finally,  as  sufficiently  simple  multipliers  is  found  a use  of  a 
diagram  of  circular  balanced  modulators  (Fig.  2.9.4).  Let  us  asrom- 
that  all  diodes  of  modulator  are  identical  and  have  th?  >xpon-T*i  il 


characteristics 

of 

form  i a~A 

<J“ 

-1). 

w her  e 

A and  > are 

some 

constants; 

- 

the  current 

of 

diode ; 

V * 

the  volt  age 

a on  1 if  d t •> 

diode.  Then 

it 

is 

possible  to 

show  that 

the  current  of  the 

loa  d 
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i r — 


' i4v2 

Ay*+-^-(x^  *2) 


xz  = Bxz, 


where  B is  certain  constant  value. 


Consequently,  the  stress  in  the  load  of  modulator  is 
proportional  to  the  product  of  input  vcltaqe  x (t)  and  ~z_r(£).  Let  us 
note  that  for  the  undistorted  multiplication  it  is  necessary  to 
support  constant  value  R,  which  depends  on  the  sum  of  the  squares  (x.* 
♦ z?)  of  the  amplitudes  of  input  voltaqe,  i.e.,  it  is  necessary  to 
support  with  constants  the  effective  values  of  input  voltaqe. 
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Circular  balanced  modulators  as  multipliers  find  a use  at  the 
sufficiently  high  frequencies  of  input  voltage  - from  several  doze;, 
kilohertz  of  up  to  several  dozen  and  even  hundreds  megahertz.  In  work 
with  broadband  signals  (noises)  in  them  it  is  expedient  to  utiliz> 
peak  transformers  on  ferrite  rings.  The  application/use  of  such 
multipliers  is  very  convenient  in  the  correlators,  to  inpu*  of  which 
are  supplied  the  voltages  of  different  carrier  frequencies,  an  1 
integration  of  product  is  conducted  at  the  intermediate  frequency, 
equal  to  a difference  in  frequencies  of  input  vcltage.  Therefor-^ 
double-balanced  modulators  are  utilized  as  multipliers  in  the 
so-called  diagrams  of  synchronous  heterodyning  (see  §3.2  and  hi.  5). 


It  must  be  noted  that  the  modulator  circuit  as  multiplier 
differs  somewhat  from  the  mixer  stage  of  receiver.  This  is  explain  ’ 
by  the  fact  that  its  output  voltage  turns  out  to  be  proportional  to 
the  product  of  input  voltage,  while  the  usual  mixer  stig3  of  receiver 
usually  is  controlled  by  the  considerably  larger  voltage  of 
heter  ody  ne. 


Integrating  equipment/devices  of  correlators.  The  in  t eqra  ♦ i i,  i 
cascade/stage  of  correlator  serves  for  the  formation/education  of  the 

average  value  of  product  x(t)zr(£)  (or  x (t)  x (t  -r) ) for  time  of  *!• 
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duration  of  signal  T: 


j 


Xr  = — f x(t)zr(t)dt. 

t n 


(2.9.2) 


The  simplest  integrator  is  the  integrating  RC  network  (Fig. 
2.9.5).  Input  u^t) -x  (t)  zr  (-£)  and  the  output  u?  (t)  voltages  in  i ♦ 
are  connected  by  the  relationship/ratio 


duo 

RC  — -f  Mo  = u i. 
dt* 


(2.9.3) 


By  integrating  the  left  and  right  side  of  this  equation,  is 
possible  to  show  that  the  output  voltaqe  into  any  point  in  ♦iire  ♦ i 

A 
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l * *_ 

Ul^~~RCe  RC  f u 'W*  RCdt-  (2-9.4) 


For  the  moment  of  time  t.  = 

T_ 

e fftwi.  Then  the  solution  is 


T <<  PC  it  is  possible  to  count  e 
simplified  and  assumes  the  form 


“i(f)  *RcJ ’“iW*. 


(2.9.5) 


From  (2.9.5)  it  follows  that  with  sufficient  slow  response  of 
the  integrating  circuit  the  output,  voltage  approximately  is 
proportional  to  integral  of  input  voltage.  This  dependence  ♦he  mor* 
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precisely,  the  more  RC  in  comparison  with  T,  However,  increase  rc  for 

an  increase  in  the  accuracy  in  the  integration  unavoidably  leads  to  i 

decrease  in  the  value  of  input  voltage-  For  example,  let  u,  (t)  is 

constant  during  the  duration  of  the  cell/element  of  signal.  Then 
U\T 

U'^**~RC'  With  T = 10  ms  and  RC  = 5 s we  have  u2  (T)  = Uj/500, 

i„e.,  output  voltage  is  attenuate/weakened  as  compared  with  inrnt  ^0j 
times. 

Page  119. 

Consequently,  during  the  application/use  of  the  integrating  PC 
network  it  is  impossible  to  obtain  simultaneously  the  sufficiently 
high  value  of  output  voltage  and  a small  error  of  integration. 


Sometimes  in  correlators  as  the  integrating  equipment /dev ices 
are  utilized  the  filters  of  low  frequency.  The  examined  integraMni 
RC  network  is  the  simplest  example  of  such  filters.  To  th?  filter;,  of 
low  frequency  as  integrators  are  largely  inherent  the  noted  above 


contradict  ions 
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The  better/best  results,  than  the  applicat ion/use  of  the 
integrating  circuit,  make  it  possible  to  obtain  the  widoly  utilize'] 
schematics  of  electronic  integrators.  The  simplest  electronic 
integrator  is  represented  in  Fig.  2.9.6.  Let  the  casca le/s tag=»  work 
without  the  currents  of  the  first  grid.  Then  its  grid  circuit  can  he 
considered  as  the  integrating  circuit,  which  consists  of 
resistor/resistance  a and  the  input  capacitance  , =>quul  to 

3 * 

C»x  = Cgh  + (Cag  + C)  (1  + A), 

where  Cqk  and  C are  the  interelectrode  capacitances  of  tube;  K 
O c) 

- the  factor  of  amplification  of  cascade/stage. 


R 


Fig.  2.9.5. 


Key:  (1).  Input.  (2).  Output/yield. 
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If  c»c„,c1| 
dozens,  then  is 
the  circuit  of 
to  (with  2-9.5) 


amplification  factor  is  taken  the  order  of  several 


input  capacitance 


ex 


KC.  Then  the  voltage  ir 


control  electrode  with  T <2  takes  analogously 

<d 

the  form 


ug(T) 


1 

KRgC 


T 

f «i  (0  dt. 


o 


(2.9.6) 


Consequently,  the  start  of  amplifier  is  equivalent  to  an  increase  in 
the  time  constant  of  the  integrating  circuit  in  K once.  Respectively 
in  K once  will  increase  accuracy  in  the  integration.  The  output 
voltage,  equal  to 


«4  (T)  = - Kut  (T)  % - / «,  (/)  rf/, 


differs  only  in  terms  of  sign  from  output  potential  of  the 
integrating  circuit. 
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In  the  real  schematics  of  integrators  are  utilized  no+  on«,  bu4- 

several  step/stages  of  amplification,  whereupon  capacitanoe/capaci^ y 
C is  included  from  the  output/yield  of  the  last/latter  casca de/s'a ge 
to  the  input  of  the  first.  In  such  diagrams  is  provide!  the  factor  of 
amplification  of  the  order  of  several  hundreds  or  thousands.  T h® 
diverse  variants  of  the  construction  of  the  schematics  of  electronic 
integrators  are  given  in  [!//■  ].  Thus,  electronic  integrators  mak1'  it 
possible  by  sufficiently  simple  means  to  obtain  high  accuracy  in  the 
integration  and  simultaneously  high  out  jut  voltage. 


In  cont empora ry  correlators  are  applied  also  the  integrators  in 
the  form  of  band-passs  filter.  Such  integrators  are  utilized  when  *o 
the  input  of  the  multiplier  of  correlator  are  supplied  the  voltages 
of  different  carrier  frequencies.  In  this  case  the  band-pass  filter 
is  tuned  for  different  from  zero  difference  frequency.  As  an  example 
of  this  integrator  serves  tuned  amplifier  with  the  duct  of  high 
quality  in  anode  circuit  (Fig.  2.9.7).  To  the  input  of  amplifier  ir 
the  course  of  time  from  0 to  T enters  voltage  Ui  (t)  certain 
difference  frequency  kaw0  = k,  2w/T  proportional  to  the  product  of 
tensions  x (t)  and  2 Duct  in  anode  circuit  has  quality  o,  very 
narrow  band  (order  1/T)  with  resonance  frequency  k,u0. 
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Pig-  2.9.7.  Page  121. 


The  output  voltage  of  amplifier  is  determined  by  input,  voltage  ut 
and  by  the  pulse  reaction  of  plate  circuit,  which  in  this  rise  tak 


the  form 


,G  (i)  = ae  “'cos  W, 
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where  a - certain  constant,  which  depends  on  the  factor  of 
amplification  of  cascade/stage; 


If  the  quality  of  duct  is  sufficiently  high,  so  that,  tor  the 
moments  of  time  £ T~  correctly  the  inequality 

at  < 1, 

that  pulse  reaction  (2.9.7)  assumes  the  form 

0 (/)  % a cos  k[U>0t.  (2.9.8) 

Let  the  input  voltage  be  harmonic  oscillation  of  the  typ? 

U\  (t)  = A cos  kiu>0 1.  (2.9.9) 

Then  output  voltage  for  the  moments  of  time  0 < t T i s =»qual 
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“2  (0  = fui  (*)  G(l  — x)  dx.  (2.9.10) 


By  substituting  in  this  expression  of  value  tit  (t)  and  G (t)  from 
(2-9.9)  and  (2.9.8),  we  will  obtain 


aAt 

l<2  (<)  = ~y  COS  k^l. 


(2.9.11) 


1 


* 

\ 


Consequently,  voltage  u?  (t)  is  the  oscillatory  function  wi*h 
the  linearly  growing  in  time  amplitude  (Fig.  2.9.8).  At  the 
torque/moment.  of  the  termination  of  the  cell/element.  of  signal  T * he 
jtput  voltage  is  maximal. 
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but  amplitude  (envelope)  is  proportional  \/ ^ - envelope  short-term 

crosscorrelation  function  of  these  signals.  For  broadband  signals 
input  voltage  ux  (t)  is  the  harmonic  oscillation  of  frequency  k,u0 
with  being  slowly  changed  in  time  with  an  amplitude  of  A (t)  and 
phase  <f>  (t).  It  is  possible  to  show  that  in  this  case  the  outpu* 
voltage  also  is  the  oscillatory  function  with  the  monot oni cal  1 y 
growing  amplitude  (similar  to  Fig.  2.9.8).  After  completion  of  input 
signal  at  the  moment  of  time  T of  oscillation  in  plate  circuit 
rapidly  they  are  extinguished  by  the  key/wrench  f7 f which  shunts  due*. 
Oscillator  circuit  is  ready  for  the  reception  of  the  followinq 
cell/element  of  signal. 


The  duct  of  the  high  quality,  equipped  with  equipment /dev  ice  t 
the  instantaneous  extinction  of  natural  oscillations  in  it,  was 
called  the  name  kinematic  filter.  Such  filters  find  a use  in  the 
technology  of  broadband  radio  commun ication . Specifically,  they  are 
utilized  in  a vzimno-  correlation  system  of  the  type  ''Rake"  (see 
Chapter  3)  . 


Instead  of  the  usual  oscillatory  circuits  in  kinematic  fillers 
frequently  are  utilized  electromechanical  resonators  (piezoelectric 
or  magnetostricti ve) . As  equipment/devices  of  extinction  in  them  .a 
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applied  electronic  keying  circuits.  Let  us  note  that  such  keying 
circuits  are  necessary  also  in  all  considered  above  diagrams  of 
integ  ra  tors. 


Retarding  egui pme nt/devices.  The  retarding  equipment/devices  ar^ 
intended  for  a formation  frcm  the  output  signals  x (t)  either  z.v(^) 
of  the  delayed  for  a period  r signals  x (t-r)  or  -z.  ( 6-  2r ),  Th  e need 
for  this  delay  appears  during  processing  the  mu  It i pie- pron ged 
received  signals  x (t)  in  mutually  correlated  or  autocorrelation 
broadband  systems,  during  the  construction  of  the  matched  with 
broadband  signals  7-r(^)  filters  and  in  a series  of  other  cases. 


As  the  retarding  equipment/devices  can  in  principle  be  used 
magnetic  tapes,  cathode-ray  tubes  with  the  accumulation  of  charges 
(charge-storage  tubes),  of  delay  line. 


The  preferred  propagation  as  the  retarding  equipment/de vices-  of 
broadband  systems  received  delay  lines.  This  is  explained  together  ot 
their  design  and  operating  advantages  over  ether  types  of  the 
retarding  equipment/devices:  comparative  simplicity,  relatively  11 
overall  sizes,  the  high  accuracy  of  the  installation  of  the  requi: 
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delay  time  and  the  possibility  cf  its  arbitrary  adjustment,  high 
electrical  characteristics  (for  example,  a small  distortion  of  output 
voltage)  , etc. 


Distinguish  electromagnetic  (type  cf  cut  cable),  ultrasonic, 
mag  ne  tcstricti  ve  and  electrical  (artificial  lines  with  lumped 
parameters  L and  C)  delay  lines. 


Electromagnetic  and  electrical  delay  lines  make  it  possible  *o 
obtain  with  the  permissible  overall  sizes  a comparatively  small  delay 
time  cf  the  order  of  ones  or  at  best  of  several  dozen  micr osecond s. 
Therefore  they  can  be  utilized,  for  example,  in  the  autocorrelation 
broadband  systems,  for  which  are  necessary  short  delay  times,  or  for 
the  construction  of  the  broadband  signals  of  a comparatively  simple 
form  in  mutually  correlated  communicating  systems. 


Page  123. 


Magnetostricti ve  delay  lines  make  it  possible  to  obtair  in 
practice  the  delay  time  of  the  order  of  several  dozen  microseconds 
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and  in  this  sense  do  not  have  special  advantages  over  electrical 
delay  lines. 


The  ultrasonic  lines  provide  a delay  in  the  order  of  ones  of 
milliseconds.  Their  fundamental  advantage  consists  of  long  delay  time 
cf  the  unit  of  length,  which  is  explained  by  comparatively  small 
velocity  of  propagation  of  ultrasound  in  conducting  medium  (1500-nroj 
m/s)  [23].  As  conducting  medium  in  these  lines  are  utilized  oi+her 
liquid  substances  (mercury,  mixture  of  water  with  ethyl  alcohol),  or 
solids  (magnesium  alloys,  vitreosil).  Ultrasonic  lines  with  liquid 
conducting  medium  are  comparatively  bulky.  Furthermore,  in  th<»m  it  is 
structurally  difficult  to  obtain  the  intermediate  step/staqes  of 
delay  time  by  means  of  the  setting  of  supplementary  remova 1/out  lets. 

The  installation  of  the  latter  is  necessary  during  processing 
multiple-pronged  signal  in  mutually  correlated  systems  or  with  the 
formation  of  the  complex  matched  filters. 


From  the  indicated  def iciency/1 acks  are  largely  released  the 
lines  with  solid  conducting  medium.  Most  frequently  are  applied  uelav 

lines  in  magnesium  alloy.  They  are  com  par  a t iv  e 1 y cheap,  simpl>  it; 
production,  are  min iat ure/smal 1 and  do  not  require  special  drif*.  The 
operating  principle  of  this  line  consists  of  the  following  (Fio. 


2.9.9).  Conducting  solid  medium  can  be,  for  example,  bars  with 
gash/propyls.  On  its  end/leads  (and  also  in  a series  of  intermediate 
points)  are  establish/installed  the  quartz  crystal  transducers  ot  the 
electrical  oscillations  in  ultrasonic  (input)  and  ultrasonic  in 
electrical  ( output/ yie Id) , which  adhere  on  the  surface  of  bar.  The 
frequency  characteristics  of  such  lines  are  determined  in  essence  by 
the  characteristics  of  the  quartz  converters,  which  possess 
pronounced  resonance  properties  at  frequencies,  determined  by  the 
thickness  of  quartz  plate  and  which  are  of  the  order  from  several 
hundreds  kilohertz  to  dozens  megahertz  [23].  Therefore  ultrasonic 
lines  realize  usually  a signal  delay  of  high  or  intermediate 
frequency.  Such  lines  have  good  qualitative  indices.  They  found  us.-, 
for  example,  in  the  broadband  com mun ica ti nq  system  of  the  type  "pak-" 
(see  §3.  5)  . 
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Fig.  2.9.9. 

Key:  (1).  Input.  (2).  Output/yield.  Page  124. 

Summing  and  subtractors.  The  problem  of  the  summing  and 
subtractors  is  formation/education  of  sum  cr  difference  in  wo  or 
several  input  voltage.  In  work  with  broadband  signals  such 
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equipment/devices  are  fulfilled  with  electronic  or  transistor 

diagrams.  In  this  case  is  realized  simultaneously  the  supplementary 
amplification  of  input  signals  according  to  voltage  or  power.  Since 
the  input  voltage  are  summarized  with  their  signs,  forming  algebraic 
sum,  there  is  no  fundamental  difference  between  that  whizh  total  and 
subtractors.  Is  known  at  present  the  large  number  of  schematics  of 
such  equipment/devices.  I.et  us  give  some  examples. 


As  adder  it  is  possible  to  utilize,  for  example,  a directly 
electron  tube  (transistor).  In  this  case  the  summing  voltages  are 
supplied  to  the  different  electrodes  of  tube,  tor  example  to  control 
electrode  and  cathode  (Fig.  2.9.10a).  Then  output  voltage  is  agual  to 

lift  u I 

^here  K is  a factor  of  amplification  of  cascade/stage,  u ^ and  u ^ 
are  the  voltages,  supplied  on  cathode  and  control  electrode 


respect ively. 
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125. 


A deficiency/lack  in  this  diagram  in  the  fact  that  when  using  triodes 
the  entry  impedance  of  cathode  circuit  is  small  (order  1/S,  where  S - 
the  slope/transconductance  of  tube)  and  therefore  it  must  be  supplied 
from  low-resistance  source. 


An  addition  of  input  voltage  can  be  realized  also  with  the  aid 
of  the  circuits  of  the  multiple  operation  of  a series  of  amplifiers 
for  common/general/ tot  a 1 ancde  or  cathode  lead  (Fig.  2.  9.10hr  c)  . 
Advantage  of  such  diagrams  in  the  high  value  of  entry  impedances  and 
the  weak  coupling  between  input  circuits. 


As  sumraator  it  is  possible  to  utilize  an  amplifier  with  deep 
negative  feedback  because  of  resistor/resistance  Rrc  (Fig-  2.g.11). 
The  number  of  casca de/stages  of  amplification  in  diagram  inis’’  he  odi, 
and  their  common/general/total  amplification  factor  by  sufficiently 
large  [23].  Then  when  selecting  R ■ - Roc>  where  i = 1,  2,  ...,  n, 

n 

the  output  voltage  of  diagram  is  equal  to  i.e.,  «■«« 

i-i 

it  differs  only  in  terms  of  sign  from  the  sum  of  input  voltage.  Th 
advantage  of  the  iiagrams  of  addition  with  negative  feedback  is 
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comprised  in  insensitivity  to  load  changes. 

In  conclusion  it  should  be  noted  that  a selection  of  the  *ype  o 
the  schematic  of  adder  is  dictated  in  each  concrete/specif ic/ac*ua] 

case  by  the  character  of  the  solved  problem. 


Key:  (1).  Amplifier  stages. 
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